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LETTER    OF   TBAK810TTAL. 


Albany,  February  1,  1908. 

To  the  Oovemor  and  Legislature  of  the  State  of  New  York: 

In  compliance  with  the  requirements  of  chapter  569  of  the 
Laws  of  1907,  we  have  the  honor  to  submit  herewith  the  progress 
report  of  the  State  Water  Supply  Commission  covering  its  inves- 
tigations to  date  toward  a  plan  for  the  progressive  development 
of  the  water  powers  of  the  State  under  State  ownership,  control, 
and  maintenance. 

Very  respectfully, 

HENRY  H.  PERSONS,  President, 

ERNST  J.  LEDERLE, 

JOHN  A.  SLEICHER, 

MILO  M.  ACKER, 

CHARLES  DAVIS. 


PROGRESS  REPORT  OF  THE  SJATE  WATER  SUPPLY 

COMMISSION  ON  WATER  POWER 

DEVELOPMENT. 


To  the  Oovemor  and  Legislature  of  the  State  of  New  York: 

The  Legislature  of  New  York  by  the  passage  of  chapter  569 
of  the  Laws  of  1907,  known  as  the  Fuller  bill,  took  an  advanced 
stand  upon  the  principle  of  State  ownership  and  control  of  one 
of  its  greatest  natural  assets,  namely,  the  vast  water  powers 
within  its  borders. 

For  the  purpose  of  making  a  thorough  investigation  into  the 
subject  of  State  ownership  of  its  water  powers,  and  State  control 
of  the  flood  waters  of  the  large  streams,  the  Legislature  appropri- 
ated the  sum  of  $35,000  and  directed  the  State  Water  Supply 
Commission  "  to  collect  information  relating  to  the  water  powers 
of  the  State  and  to  devise  plans  for  the  development  of  such  water 
powers,"  and  to  report  to  the  Governor  and  Legislature  on  or  be- 
fore February  1,  1908,  the  progress  it  had  made  with  such  inves- 
tigation. 

The  plan  and  scope  of  the  bill  contemplates  that  the  Commis- 
sion, in  making  its  final  report,  shall  furnish  to  the  State  as 
complete  and  accurate  information  as  would  be  required  by  a  con- 
servative business  man  who  was  looking  only  for  profits  before 
investing  his  fortune  in  a  private  enterprise.  In  building  storage 
dams,  the  nature  of  the  work  is  so  intricate  and  requires  so  much 
technical  knowledge  of  local  conditions,  namely,  of  drainage  area, 
rainfall,  stream  flow,  run-off,  geological  formation  which  can.  be 
learned  only  by  deep  borings,  building  material,  lands  to  be  flowed, 
rights  to  be  acquired,  flow  lines  to  be  established,  coast  line  treat- 
ment, elevations,  capacity  of  reservoir,  dam  foundation,  height  of 
dam,  manner  of  drawing  off  water  and  the  extent  to  which  water 
may  be  drawn,  the  establishment  of  bench  marks,  etc.,  that  a  long 
period  of  time  must  necessarily  be  given  and  «l  W^  ttsxicsvsa^  ^\ 


12  State  Water  Supply  Commission. 

money  expended  in  gaining  the  sufficient  data  to  be  included  in 
any  satisfactory  final  report. 

As  soon  as  the  (bill  making  these  provisions  became  a  law,  July 
12,  1907,  this  Commission  immediately  began  the  work  it  was 
directed  to  do. 

Realizing  the  importance  of  a  thorough  investigation  and  the 
benefit  which  will  result  to  the  people  by  developing  the  water 
powers  of  the  State  under  State  owiiership  and  by  controlling  the 
flood  wmters  of  the  large  rivers,  the  Commission  determined  to 
engage  the  services  of  one  of  the  most  eminent  hydraulic  engineers 
it  could  find  to  plan  the  investigation  and  direct  the  studies  of 
the  Commission.  It  secured  the  services  of  John  R.  Freeman  for 
this  purpose. 

In  company  with  this  engineer,  the  Commission  then  made  a 
personal  insjx^ction  of  the  Sae>andai^a,  Indian  and  Genesee  rivers 
and  their  watersheds,  for  the'  puqxwe  of  determining  upon  which 
of  these  rivers  it  should  make  its  first  detailed  studies.  As  the  re- 
sult of  such  preliminary  examination,  it  was  decided  to  make  care- 
ful surveys  of  the  Sacaudaga  river  with  the  project  in  view  of 
building  a  large  storage  dam  at  or  near  Conkling\'ille,  Saratoga 
Co.,  and  also  to  make  surveys  and  studies  of  the  conditions  on  the 
Genesee  river  with  a  view  to  building  a  storage  dam  at  or  near 
Portage,  so  planned  as  not  to  interfc  re  with  the  scenic  beauty  of 
Letchworth  Park.  The  surveys,  studies  and  investigations  already 
made,  prove  the  wusdom  of  these  selections. 

The  State  of  Xew  York  is  fortunate  in  having  in  its  own  moun- 
tains and  highlands  the  sources  of  many  large  rivers  w^hich  run 
their  entire  course  within  its  territory,  for  fall  as  well  as  volume 
contributes  to  their  value  for  power  purposes. 

Excluding  Niagara  and  the  St.  Lawrence,  the  rivers  of  the  State, 
w'lth  the  proper  storage  of  their  flood  waters,  are  capable  of  fur- 
nishing at  least  1,000,000  horse  power  for  industrial  purposes.  On 
account  of  the  wnde  difference  between  the  minimum  and  maxi- 
mum flow  of  the  streams,  the  minimum  flow  being  the  real  test  of 
the  power  value,  at  least  55  per  cent,  of  their  potential  energy  is 
lost  to  the  owners  of  water  rights  and  to  tlie  people  of  the  State. 
It  is  clear  therefore  that  550,000  horse  power  of  energy  is  an- 
nually allowcxl  to  run  to  waste  because  no  well  devised  and  com- 
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prehensive  plan  for  the  general  and  systematic  development  of 
water  power  has  yet  been  undertaken  by  the  State. 

At  a  low  estimate  the  advantage  of  water  over  steam  power  is 
at  least  $12  per  horse  power  per  year.  The  annual  earning  ca- 
pacity of  the  wasted  energy  based  on  even  so  low  an  estimate  is 
$6,600,000.  Add  to  this  the  $l,000,-000  per  year  of  direct  dam- 
age caused  by  floods,  and  the  indirect  damage  which  no  one  has 
yet  been  able  to  determine,  hut  which  is  surely  equal  to  the 
direct  damage,  and  the  value  of  an  equalized  flow  during  the 
summer  months. in  the  great  rivers,  which  is  not  inconsiderable 
and  the  possibilities  to  be  derived  from  proper  treatment  of  the 
Niagara  and  St.  Lawrence,  and  the  aggregate  will  give  some  idea 
of  the  value  to  be  obtained  by  the  systematic  development  and 
increase  of  the  water  powers  of  the  State. 

The  rivers  of  the  State  are  and  have  been  open  to  inspection  by 
everyone.  The  locations  of  falls  and  power  sites  have  long  been 
known  to  individuals  and  it  has  not  been  diflicult  to  acquire  them. 
Meantime  the  possibilities  of  power  development  have  been  stead- 
ily growing  and  the  advantages  to  be  gained  thereby  have  been  con- 
stantly increasing.  It  is  not  strange  therefore  that  far  seeing 
men  have  purchased  nearly  all  of  the  most  desirable  water  power 
within  the  State,  except  such  as  may  be  situate  along  the  bound- 
ary rivers. 

Up  to  this  time  there  has  not  been,  and  under  present  condi- 
tions there  can  not  be  such  economical  and  general  development  of 
water  power  by  private  interests,  as  will  include  the  storing  of 
flood  water  on  a  scale  at  all  commensurate  with  the  advantages 
to.  be  gained  thereby.  It  is  from  this  method  that  the  greater 
amount  of  increase  is  to  come.  Moreover,  the  individual  or  cor- 
poration that  invests  money  usually  does  so  in  the  hope  of  im- 
mediate gain  —  the  larger  the  immediate  profits  the  more  enthusi- 
astic the  promoter.  There  is  therefore  the  temptation  to  cut  out 
of  the  work  everything  that  can  be  postponed  or  avoided,  no  matter 
how  essential  it  may  be  to  the  future  success  of  any  well  considered 
plan.  The  storing  of  flood  waters  will  provide  not  only  power 
development  at  the  site  of  the  dam,  but  will  also  increase  the 
power  of  every  user  down  the  stream.  The  fear  of  improving  the 
plant  and  power  of  a  competitor  might  well  restrain  an  owner 
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of  water  power  from  going  further  up  stream  and  building  a 
storage  dam  that  would  increase  the  value  of  his  neighbor's  plant 
as  well  as  his  own.  It  is  also  very  difficult  for  several  interests  to 
combine  in  aid  of  such  a  project.  Even  though '  they  should  be 
willing  to  engage  in  a  joint  enterprise  for  such  a  purpose,  there 
would  be  still  the  lack  of  power  to  condemn  land  for  storage 
purposes  for  which  recourse  laust  be  had  to  the  law-making  body. 

The  United  States  census  of  manufactures  for  1905,  Bulle- 
tin 88,  shows  that  of  the  1,647,969  horse  power  developed  by 
water  in  the  United  States  for  manufacturing  purposes,  446,134, 
or  27^/^  per  cent,  was  used  in  the  State  of  New  York.  This  is 
more  than  twice  as  much  as  is  used  by  its  principal  competitor, 
the  State  of  Maine,  and  more  than  one-half  as  much  as  the  total 
steam  power  for  like  purpose  used  in  the  State.  The  increase  in 
water  power  in  this  State  from  1900  tj  1905  was  over  100,000 
liorse  power.  This  rapid  increase  in  so  fchort  a  period  is,  without 
doubt,  one  of  the  causes  which  has  attracted  the  attention  of  econo- 
mists to  the  value  for  the  State's  own  benefit  of  this  branch  of 
its  natural  resources. 

By  means  of  storage  dams  constructed  by  the  State  at  available 
points  in  order  to  hold  back  the  flood  waters  of  many  of  our  large 
rivers,  it  is  possible  so  to  equalize  their  flow  as  to  more  than  double 
the  available  horse  power  they  now  produce.  Such  improvement 
can  be  made  to  yield  a  revenue  that  will  not  only  pay  the  cost  of 
constructing  and  maintaining  the  dams,  but  that  also  will  provide 
a  large  income  for  the  State  for  all  time. 

The  Commission  believes  that  througli  the  building  by  the  State 
of  storage  dams,  thus  conserving  water  for  power  purposes,  five 
distinct  advantages  will  accrue : 

(a)  The  construction  of  such  dams  will  decrease  the  annual 
damage  by  flood  waters. 

(6)  It  will' assure  a  larger  minimum  flow  which  will  improve 
the  sanitary  conditions. 

(c)  It  will  provide  a  deeper  channel  for  the  Hudson  thus 
improving  navigation  and  insuring  an  abundance  of  water  for 
the  increasing  needs  of  the  canals. 

(d)  It  will  provide  cheaper  power  for  manufacturing  purposes, 
and  by  stimulating  various  industries,  furnish  larger  fields  of  em- 
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ployment,  while  insuring  uninterrupted  labor  in  already  existing 
plants. 

(e)     It  will  provide  a  satisfactory  annual  income  to  the  State. 

Each  of  these  points  is  in  itself  worthy  of  the  careful  investi- 
gation which  the  Legislature  has  directed  to  be  made. 

Controllable  power  is  the  vit?l  force  in  our  industrial  develop- 
ment and  one  of  the  chief  elements  upon  which  civilization  is 
based.  Manufactories,  transportation  and  artificial  light  are 
largely  dependent  upon  it.  The  more  complex  our  civilization, 
the  more  intricate  our  manufacturing  enterprises,  and  the  more 
important  rapid  transit  becomes,  the  greater  our  dependence  upon 
this  force.  There  are  two  sources  of  power  available  —  coal  and 
falling  water.  Both  require  skill  and  money  to  turn  their  latent 
force  into  active  energy.  Coal  once  used  is  gone  —  but  water 
however  often  utilized  returns  iigain  —  coal  is  growing  less  plenti- 
ful and  more  expensive  —  while  water  by  the  processes  of  nature 
keeps  up  its  original  force  without  additional  cost. 

It  is  universally  conceded  that  the  use  of  falling  water  for 
power  purposes  is  much  more  economical  than  coal.  As  competi- 
tion becomes  more  acute  the  value  of  water  power  over  steam 
becomes  greater.  '  Cheap  power  must  continue  to  be  a  vitally  in- 
teresting subject  to  those  who  manufacture  goods,  provide  trans- 
portation, and  furnish  light.  The  disc^ovcries  which  permit  the 
carrying  of  electrical  currents  a  long  distance  have  largely  in- 
creased the  value  of  falling  water  for  power  purposes.  Such  power 
must  of  necessity  continue  to  grow  in  value  as  new  opportunities 
for  its  use  appear,  and  as  the  price  of  fuel  advances. 

This  is  a  plain  statement  of  an  almost  elementary  truth  with 
which  all  who  stop  to  consider  our  industrial  conditions  are 
familiar.  This  economic  condition  is  attracting  attention  to  the 
possibilities  of  the  greater  use  of  falling  water  and  constitutes  a 
summons  to  those  in  authority  to  provide  a  way  to  save  the  lost 
•energy  that  is  annually  allowed  to  run  to  waste  in  our  rivers. 

For  years  nature  has  presented  the  spectacle  of  wasted  energy  in 
water  courses,  and  the  action  of  the  Governor  and  Legislature  in 
directing  so  important  a  work  as  the  conservation  of  this  wasted 
power  meets  the  hearty  approval  of  all  who  have  given  the  subject 
serious  thought. 
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An  enterprise  of  so  important  a  nature  on  the  part  of  the  State 
will  require  new  legislation.  All  new  conditions  require  new 
laws  to  meet  them.  The  Legislature  and  the  officers  and  experts 
in  charge  of  the  undertaking  can  be  trusted  however  to  work  out  a 
just  and  equitable  law  that  w^ill  meet  every  requirement  necessary 
to  enable  the  State  to  enter  upon  the  project. 

The  Sacandaga  Development. 

The  studies,  surveys  and  investigations  made  upon  the  Sacan- 
daga reveal  the  following  facts : 

The  Sacandaga  river  rises  in  the  Adirondack  mountains,  its 
western  branch  in  the  south  central  part  of  Hamilton  county,  its 
eastern  in  the  western  part  of  Warren  county,  and  it  drains  Lakes 
.Pleasant,  Piseco,  Spy,  Oxbow,  Fawn,  Elm,  Sacandaga  and  others. 
The  upper  part  of  its  water-shed  is  largely  covered  with  forests, 
a  great  part  of  which  are  already  owned  by  the  State.  These 
forests  and  lakes  constitute  of  themselves  natural  reservoirs,  and 
are  so  situated  that  with  minimum  effort  their  flood  waters  can  be 
still  more  largely  stored  and  made  of  practical  use. 
•  The  Sacandaga  river  from  its  source  to  Conklingville  is  sixty- 
five  miles  long  and  has  a  drainage  area  of  1,  050  square  miles.  At 
Conklingville,  the  place  selected  for  a  dam  site,  the  mountains 
come  closely  together  and  the  river  nms  thence  in  a  narrow  valley 
to  its  confluence  with  the  Hudson  at  Iladley. 

Above  the  proposed  dam,  the  valley  to  be  flooded  consists  of 
fanns  and  swamps.  Thousands  of  acres  are  covered  with  a  thick, 
brushy  gro^vth  of  alders  of  little  value.  A  large  part  of  the  soil 
still  farmed  is  not  valuable  for  such  purposes.  Evidence  of  the 
poor  quality  of  it  is  seen  at  a  glance,  and  no  amount  of  industry 
can  turn  these  sterile  flats  into  productive  areas. 

There  are  places  where  good  farming  lands  are  found,'  but  in 
comparison  with  the  great  acreage  of  the  valley  these  are  few. 
Years  ago  when  timber  was  abundant  and  tanneries  flourished, 
prosperous  villages  grew  and  thrived.  But  of  late  the  opportuni- 
ties for  manufacturing  and  farming  are  so  few  that,  except  in  rare 
instances  a  general  depopulation  has  taken  place  and  this  must 
continue.    The  mountains  and  hills  forming  the  walls  of  the  valley 
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are  either  rock  or  glacial  sand  drift ;  they  are  barren,  steep,  and 
contribute  in  no  way  to  the  thrift  or  prosperity  of  the  occupants  of 
the  low  lands.  The  river  is  subject  to  frequent  spring  and  summer 
freshets  which  often  flood  large  areas  and  destroy  such  crops  as 
the  land  might  otherwise  have  produced.  It  is  a  delightful 
country  to  ride  through  but  a  sterile  one  in  which  to  make  a 
living. 

It  is  this  valley  that  the  Commission  decided  upon  as  one  of 
the  best  in  which  to  begin  its  investigations  for  the  State.  As  soon 
as  possible,  therefore,  after  the  bill  authorizing  these  investiga- 
tions became  a  law,  the  enterprise  was  organized  under  the  direc- 
tion of  our  engineer,  and  five  surveying  parties,  including  engi- 
neers, draughtsmen  and  drillers  with  boring  outfits,  properly 
equipped,  took  the  field  and  began  the  work.  They  were  directed 
to  make  careful  and  complete  sun-eys,  plot  the  area  of  the  land 
to  be  overflowed, —  take  elevations  to  determine  the  flow  line  of 
the  reservoir  when  full,  and  the  point  to  which  the  water  could 
be  safely  drawn  down, —  select  a  site  for  a  dam  and  power 
house, —  make  borings  to  ascertain  the  location  of  rock  founda- 
tion, locate  a  suitable  place  for  a  spill  way, —  gauge  the  river  and 
streams  tributary  to  it, —  measure  the  capacity  of  the  dam  pro- 
posed and  the  amount  of  available  flood  water  it  would  store  for 
jx)wer  purposes,  and  gather  sufiicient  data  on  which  to  base  con- 
clusions and  recommendations. 

The  Commission  requested  the  engineer  to  answer  the  following 
questions : 

(1)  Can  a  suitable  site  for  a  large  storage  dam  be  located  ? 

(2)  How  much  water  will  such  a  dam  store? 

(3)  How  much  water  will  the  Sacandaga  river  at  this  point 
furnish  for  power  purix)ses? 

(4)  What  kind  of  property  would  be  flooded  by  such  a  dam? 

(5)  The  value  of  the  property  in  the  flooded  area. 

(6)  How  many  horse  power  can  be  produced  at  the  dam? 

(7)  How  much  would  the  proposed  dam  increase  the  pres- 
ent horse  power  development  of  each  power  plant  down  the 
stream  ? 

(8)  A  plan  of  such  a  dam  worked  out  in  detail. 

(9)  A  plan  of  a  proposed  power  house  worked  cnvX,  Vti  ^<i\:Kt^» 
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(10)  The  total  cost  of  such  a  dam  and  power  house,  not  in- 
cluding land  damages. 

(11)  The  time  reciuired  to  complete  such  an  enterprise. 

(12)  An  estimate  of  the  lanl  damages. 

On  account  of  the  short  interval  between  the  commencement  of 
the  work  and  the  making  of  this  progress  report,  the  final  answers 
to  the  5th,  8th,  Dth,  10th,  11th  and  12th  questions  are  not  at- 
tempted at  this  date.  These  questions  can  be  answered  only  after 
most  careful  estimates  from  accurate  detailed  i)lans  that  are  yet 
to  be  made. 

The  answers  to  the  1st,  2d,  3d,  4th  and  0th  questions  are  such 
as  to  inspire  confidence  in  the  work  contemplated  and  in  the  final 
results  to  be  anticipated. 

From  the  work  already  done  it  appears  entirely  probable  that 
a  safe  and  suitable  site  for  a  dam  can  be  located  at  or  near  Conk- 
lingville,  Saratoga  county,  that  will  cover  an  area  of  40  square 
miles  and  store  about  20  billion  cubic  feet  of  flood  water;  that 
the  Sacandaga  river  thus  dammed  will  furnish  at  this  point  a 
sufiieient  amount  of  water  to  produce  60,000  horse  power  of 
energy,  which  is  greater  than  the  aggregate  water  power  of 
Lowell  and  Ilolyoko  combined,  or  will  increase  the  present  avail- 
able force  at  sites  lower  down  the  Hudson  by  70,000  horse  power 
for  the  six  dry  months  of  the  year. 

Such  a  dam  will  sc^t  the  water  back  to  the  village  of  Northville, 
a  distance  of  30  miles,  conii>letely  submerging  the  whole  valley 
betw^een  these  two  points,  including  the  villages  of  Munsohville 
and  Huntsville,  a  part  of  the  villages  of  Xorthville,  Sacandaga 
Park,  Northampton,  Cranberry  Creek,  Vails  Mills,  Benedict,  North 
Broadalbin,  Batchellerville,  Day  Center  and  ilay^^lle,  and  about 
4  miles  of  the  Fonda,  Johnstown  &  Gloversville  railroad.  In 
building  this  dam  the  treatment  of  the  shore  line  will  be  such  a& 
to  make  it  an  attractive  sandy  beach  when  the  water  is  drawn 
do^^'n.  This  will  be  made  possible  by  removing  all  timber,  and 
by  pennitting  the  wave  action  in  time  to  create  conditions  like 
those  found  on  the  margins  of  a  natural  lake,  leaving  nothing  but 
clean  sand  or  rock  from  the  low  to  the  high  water  line.  Such  a 
lake,  extending  from  Conkling\411e  up  the  river  to  the  village  of 
Northville,  would  add  to  the  beauty  and  attractiveness  of  these 
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foot  hills  reaching  up  into  the  mountains.  It  would  also  furnish 
thousand  of  delightful  camp  sites  upon  a  lake  very  much  larger 
than  most  of  those  in  the  Adirondacks,  and  easier  of  access  from 
large  centers  of  population. 

These  facts  have  been  derived  from  information  carefully 
gathered  by  the  Conmiission,  and  show  that  the  increase  of  the 
available  horse  power  for  sites  down  the  river,  which  can  be  ob- 
tained at  this  one  storage  dam  by  the  broad  and  comprehensive 
plan  of  the  Commission  is  50  per  cent,  more  than  the  total  increase 
estimated  by  Mr.  George  W.  Rafter  in  his  "  Hydrology  of  New 
York  State,"  as  possible  for  the  entire  Hudson  river.  It  must  be 
borne  in  mind,  moreover,  that  the  plan  outlined  contemplates 
building  for  the  future.  While  seeking  at  this  time  to  fully  con- 
serve the  wasted  energy  of  the  Sacandaga  river,  at  this  point 
only,  the  Commission  is  not  unmindful  of  the  possibilities  of 
additional  storage  dams  on  the  head  w-aters  of  the  Hud?ion.  As 
such  energj'  has  an  actual  value  for  power  purposes,  it  is  the 
design  of  the  Commission  in  its  final  report  on  this  subject,  to 
respond  in  detail  to  all  the  requirements  of  chapter  5G9  of  the 
Laws  of  1907. 

Hadley  Reservoir. 

Surveys  and  test  borings  have  been  made  at  Hadley  for  the 
purpose  of  determining  whetlier  a  storage  dam  can  be  built  at  this 
place  across  the  Hudson  which  will  (conomically  increase  the 
power  development  at  each  of  the  thirteen  power  sites  lower  down 
the  river.  The  investigations  have  not  proceeded  far  enough  at 
this  time  to  give  the  amount  of  flood  waters  that  could  be  stored 
there  for  power  development  and  flood  protection.  These  investi- 
gations will  be  continued  in  the  future  work  of  the  Commission. 

Genesee  River  Studies. 

The  reports  of  our  engineering  corps  and  studies  made  there- 
from and  on  the  ground  show  what  can  be  accomplished  by  storing 
the  flood  waters  of  the  Genesee 

The  river  takes  its  rise  in  the  highlands  of  the  Allegheny 
region  in  Pennsylvania,  a  few  miles  south  of  the  New  York 
State  line.  Entering  New  York,  it  runs  across  Allegany 
county,  forms  the  boundary  for  some  distance  V>e\.^QCTi\AV\XL^^Vcst^ 
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and  Wyoming  counties  and  flows  in  a  general  northeasterly 
direction  through  Livingston  and  Monroe  counties,  emptying  at 
Charlotte  into  Lake  Ontario.  The  total  length  of  the  river  in 
2few  York  is  approximately  107  miles  and  its  total  fall  from  its 
entrance  into  this  State  to  the  surface  of  Lake  Ontario  is  about 
1,123  feet,  giving  an  average  fall  in  the  State  of  9.6  feet  to  the 
mile.  The  total  catchment  area  of  the  river  at  Portage  is  942 
square  miles. 

From  Portage,  fifty  miles  above  Rochester,  down  to  Mount 
Morris  the  river  flows  for  over  twenty  miles  through  a  canyon  in 
some  places  from  300  to  350  feet  deep.  At  the  head  of  this 
canyon  are  the  Portage  falls  with  a  total  descent,  including 
rapids,  of  330  feet  in  three  miles.  This  fall  is  in  three  divisions 
known  as  the  upper,  middle  and  lower  falls,  with  respective 
descents  of  71,  107,  and  70  feet,  making  an  aggregate  fall  of  248 
feet  exclusive  of  intervening  rapids. 

From  Mount  Morris,  at  the  foot  of  the  canyon,  the  river 
passes  through  a  broad  level  valley  to  Rochester,  where  there  is 
another  fall  of  253  feot  in  4y2  miles.  This  fall  with  its  power 
resources  gave  the  first  industrial  stimulus  to  the  development  of 
Rochester,  now  numbering  182,000  inhabitants,  and  the  third 
largest  city  of  the  State.  Although  the  Genesee  has  a  number 
of  tributary'  streams,  there  are  no  existing  power  developments 
of  consequence  excej)t  at  Mount  Morris  and  at  Rochester,  where 
the  total  fall  is  utilized.  The  unexampled  site  at  Portage  is  as 
yet  untouched. 

It  is  then  to  this  great  natural  power  site  at  Portage  that  the 
Commission  has  given  its  careful  attention.  The  outlines  of  the 
proposed  develojrtncnt  include  the  building  of  a  storage  dam  near 
the  present  Po.unsylvania  railroad  bridge  at  Portageville,  three- 
quarters  of  a  mile  above  the  upper  falls  and  beyond  the  upper  end 
of  Tx^tchworth  Park.  This  dam,  which  would  be  of  cun^ed  form, 
1,200  feet  long  on  the  crest  line,  and  160  feet  high  above  the 
foundation,  would  flood  an  area  extending  fifteen  miles  up  the 
river  and  averaging  a  mile  in  width,  forming  a  lake  of  fifteen 
square  miles  surface  area,  about  as  large  as  Canandaigua  or 
Skaneateles  lake.  This  reservoir  would  store  18,000,000,000 
cubic  feet  of  water,  sufficient  to  provide  a  yearly  average  flow  of 
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800  cubic  feet  per  seconcr  for  power  purposes.  The  site  for 
the  power  station  would  be  near  the  hamlet  of  St.  Helena,  about 
five  miles  down  the  river  as  it  flows,  and  below  the  limits  of 
the  Letchworth  Park.  In  a  line  from  the  dam  to  the  power 
house  a  tunnel  3  miles  long  and  18  feet  in  diameter  would  be 
built  running  in  places  200  feet  underground.  The  net  working 
head  at  the  power  plant  would  be  500  feet,  which  would  permit 
a  gross  development  of  32,000  24-hour  horse  power,  and  increase 
by  nearly  20,000  the  actual  24-hour  horse  power  now  developed 
at  Rochester ;  with  use  concentrated  in  working  hours  the  number 
of  horse  power  would  bo  more  than  doubled.  Such  develop- 
ment on  a  basis  of  only  $12.00  per  24-hour  horse  power  per  year 
would  produce  an  annual  revenue  of  $384,000  at  the  power  station 
and  $240,000  at  Rochester.  But  other  substantial  benefits  must 
also  be  considered,  viz. :  relief  from  annual  damage  by  floods  to  the 
flat  lands  of  the  Genesee  valley,  to  property  in  the  city  of  Roches- 
ter, and  also  the  great  benefit  that  will  accrue  to  that  city  by 
increasing  the  low  water  flow  of  the  river,  thereby  removing  the 
nuisance  caused  by  the  city  sewers.  This  it  is  stated  would  ob- 
viate the  necessity  of  the  expenditure  of  a  large  sum  of  money 
by  the  city  for  a  proposed  tnmk  sewer.  It  is  therefore  clear  that 
a  storage  dam  of  the  capacity  contemplated  can  be  made  to  return 
a  steady  income  to  the  State  above  all  fixed  charges. 

The  Commission  has  not  considered  any  plan  for  the  construc- 
tion of  a  dam  on  the  Genesee  that  would  involve  the  slightest 
defacement  of  the  scenic  beauties  of  Letchworth  Park.  That  the 
plan  as  proposed  does  not  interfere  with  Letchworth  Park  "must 
be  evident,  since  both  dam  and  power  house  are  entirely  outside 
its  boundaries,  and  no  part  of  the  area  pro]K)sed  to  be  flooded  is 
within  the  limits  of  the  park. 

The  surveys  and  tests  show  that  the  logical  and  economical 
location  for  a  dam  is  at  or  near  the  place  selected  by  Mr.  Rafter 
and  described  in  the  Stato  Engineer's  report  of  1806,  but  as  that 
location  was  partially  within  the  boundars-  of  Letchworth  Park, 
instructions  were  given  to  our  engineers  to  make  studios  for  a 
dam  site  farther  up  the  stream  and  outside  of  the  park  limits. 
Such  a  location  has  been  found  but  on  account  of  the  width 
of  the  valley  the  cost  of  constructing  a  dam  «l\.  \\i^  "^^X^  'sA^oX^^ 
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will  be  much  greater  than  at  the  place  advised  by  Mr.  Rafter. 
The  proposed  storage  reservoir  would  not  destroy  the  scenic 
beauty  of  the  falls  by  the  diversion  of  water.  Provisioa  is 
made  for  several  very  large  discharge  pipes  in  the  dam.  By  open- 
ing only  one  such  outlet  half  way  a  flow  of  water  would  be  pro- 
vided which  would  exceed  the  present  minimum  natural  flow  over 
the  falls. 

A  second  line  of  possible  criticism  has  been  anticipated  in  con- 
nection with  the  claim  which  has  been  made  that  owing  to  geo- 
logical formation,  any  dam  of  considerable  size  at  Portage 
would  be  unsafe.  The  Commission  therefore  decided  to  investi- 
gate the  subject  and  has  had  made  a  series  of  test  borings  to  de- 
termine whether  the  formation  of  the  hills  confining  the  reservoir 
is  such  as  would  permanently  and  safely  stand  any  strain  or 
pressure  against  these  natural  boimdaries  by  reason  of  building  a 
dam  at  that  point.  These  borings  so  far  show  that  the  hills  con- 
sist of  strata  of  impervious  clay,  hard-pan  and  sand,  instead  of 
quicksands  as  has  been  claimed.  There  is  therefore  no  possible 
danger  in  building  a  dam  at  Portage. 

In  arriving  at  the  conclusion  that  a  storage  dam  capable  of 
holding  eighteen  billion  cubic  feet  of  the  flood  waters  of  the 
Genesee  river  could  be  safely  and  profitably  built  at  Portage,  the 
Commission  was  not  unmindful  of  the  statement  said  to  have 
been  made  by  a  noted  scientist,  the  J  ate  Lord  Kelvin,  after  a 
superficial  examination,  as  he  himself  stated,  of  the  maps  and 
charts  of  the  watershed,  that  "  the  proper  method  of  utilizing  the 
water  power  of  the  Genesee  river  is  to  construct  small,  compara- 
ti^^ely  cheap  dams  wherever  on  the  water-shed  pondage  can  ho 
obtained  giving  a  supply  of  several  months.''  .The  well  known 
reputation  of  the  scientist  quoted,  and  the  wish  to  proceed  upon 
accurate  information,  caused  the  Commission  to  make  careful 
surveys  and  studios  upon  the  upper  waters  of  the  Genesee  to 
determine  whether  small  dams  in  sufficient  numbers  could  be 
economically  built  to  store  and  furnish  water  in  adequate  quan- 
tities to  justify  the  adoption  of  such  a  plan.  The  Commission 
finds  that  there  are  on  the  tributaries  of  the  Genesee  above  Port- 
age 12  possible  dam  and  reservoir  sites,  that  the  combined  storage 
capacity  of  these  reservoirs  would  be  only  3,3G2  million  cubic 
foot  nm]  wou]i\  cost  $1,200  per  million  e\\\3\Q.  i^^v^^,  ot  ^A:.0S1,100 
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for  the  12  storage  dams  and  reservoirs.  This  amount  of  storage 
is  so  small  that  it  would  be  wholly  inadequate  for  either  flood 
protection  or  power  purposes,  and  the  cost  out  of  all  proportion 
to  the  benefits  that  could  be  derived  therefrom.  At  Portage  a 
dam  and  reservoir  that  will  store  five  times  as  much  water  can  be 
biiilt  and  the  cost  per  horse  power  will  be  only  one-fourth  part  as 
great.  The  Commission  is  therefore  compelled  to  report  in  favor 
of  the  larger  plan  as  the  more  economical  and  wiser  to  adopt.  For 
the  reasons  given  under  the  head  of  "  Sacandaga  Investigation," 
the  details  of  the  plans  for  a  dam  and  power  house  have  not  been 
completed  nor  the  country  fully  surveyed  for  the  purpose  of  locatr 
ing  the  lands  to  be  flooded  and  estimating  the  damage  which  will 
be  done  in  the  reservoir  basin,  or  for  locating  the  lands  to  bo  bene- 
fited by  flood  prevention  and  the  value  of  such  benefits.  The 
studies  thus  far  made  convince  the  Commission  that  it  is  possible 
to  develop  throughout  the  State  a  comprehensive  and  systematic 
storage  of  flood  waters,  which  can  be  made  to  produce  for  it  a 
satisfactory  and  perpetual  income. 

Raquette  River. 

The  Commission  has  made  a  personal  inspection  of  available 
sites  upon  the  Eaquette  river  for  dams  and  storage  reservoirs. 

The  river  has  its  source  in  the  mountain  streams  and  lakes  of 
the  Adirondacks,  in  the  southern  part  of  Hamilton  county,  at  an 
elevation  of  about  1,700  feet.  It  has  a  drainage  area  above  the 
outlet  of  Round  Lake  of  40  square  jiiiles;  above  Big  Tupper 
Lake  of  655  square  miles,  and  above  Piercefield  of  690  square 
miles. 

On  account  of  the  elevation  of  the  water-shed  above  Pierce- 
field, the  annual  rainfall  ir  that  locality  is  48  inches,  while  the 
average  rainfall  throughout  the  State  hardly  exceeds  38  inches  per 
year.  This  large  rainfall  upon  more  than  600  square  miles  of 
the  upland  water-shed  increases  the  value  of  the  Raquette  river 
for  water  storage,  and  for  power  purposes. 

There  are  many  thousand  acres  of  swamp  lands  besides  a  large 
area  of  lakes  and  ponds, —  to  wit:  Tupper  Lake,  Long  Lake, 
Round  Lake,  Little  Tupper  Lake,  Blue  Mountain  Lake,  Forked 
Lake  and  Raquette  Lake, —  that  can  be  turned  into  storage  r^v 
ervoirs   and   the  country   therebv   made  m\\c\\  tcvotc   ^VU^^nSn^ 
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and  healthy  than  it  is  at  the  present  time.  A  committee  which 
studied  the  subject  for  the  Water  Storage  Commission  in  1902, 
reported  that  20,000,000,000  cubic  feet  of  water  could  Be  stored 
in  this  region  at  a  cost  of  $50,000  for  dams.  The  statement  does 
not  include  land  damages,  and  this  estimate  may  be,  and  prob- 
ably is,  far  too  small.  It  is  true,  nevertheless,  that  there  can  be 
erected  by  the  State,  a  series  of  dams  forming  reservoirs  that 
would  \neld  a  large  revenue  to  the  State. 

That  the  .State  could  build  storage  reservoirs  and  not  destroy 
the  beauty  of  the  mountains  and  forests,  or  their  value  for  pleasure 
and  health  resorts,  there  can  be  no  doubt.  A  visit  to  the  camp  of 
Hon.  Timothy  L.  Woodruff  on  the  upper  waters  of  Moose  river 
will  convince  the  most  skeptical  that  in  his  treatment  of  the 
boundary  of  the  reservoir,  made  by  building  a  dam  about  400 
feet  long  and  25  feet  high,  he  has  been  able  to  turn  the  low  and 
unsightly  lands  into  an  attractive  and  beautiful  lake.  With  like 
treatment  by  the  State  and  proper  regulations  prohibiting  the 
drawing  of  the  water  below  a  fixed  level,  the  State,  can  turn  the 
swamp  and  lowlands  along  the  Raquette  river  into  charming 
lakes,  which  will  give  the  State  a  steady  income  above  the  ex- 
pense of  maintenance  and  interest  charge;  besides  increasing  the 
commercial  prosperity  of  the  portion  of  northern  Xew  Y'ork 
traversed  by  that  river. 

The  details  of  developing  power  by  means  of  storage  reser- 
voirs u])on  this  river  have  not  been  worked  out,  but  will  be  taken 
up  in  the  future  work  of  this  Commission. 

Delaware  River. 

Since  the  commencement  of  the  work  of  investigation  under 
chapter  509  of  the  Laws  of  1907,  the  attention  of  the  Commission 
has  been  directed  to  the  possibilities  of  power  development  on 
the  Delaware  river  and  the  necessity  of  flood  prevention  thereon. 

Communications  and  many  petitions  from  local  village  offi- 
cials and  power  users  have  been  received,  praying,  in  accordance 
with  the  provision  of  section  2  of  the  law,  for  the  development  of 
the  water  powers  of  this  important  stream,  and  asking  that  this 
water-shed  be  included  in  the  studies  of  the  Commission.  Owing 
to  the  necessity  of  concentrating  its  preliminary  efforts  on  the 
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two  streams  already  selected  for  expository  treatment,  the  Com- 
mission is  able  at  this  time  to  present  only  a  cursory  summary  of 
the  conditions  along  the  Delaware.  Such  a  first  glance  is  proof, 
however,  of  the  importance  of  the  stream  in  any  general  scheme 
of  power  development  and  the  necessity  of  carrying  on  more  de- 
tailed investigations  in  that  region. 

The  river  rises  at  an  altitude  of  1,800  feet  and  with  its  two 
branches  has  a  length  of  105  miles  in  river  flow  in  New  York 
State  and  a  drainage  area  therein  of  2,570  square  miles.  It  has 
an  average  fall  within  the  State  of  seven  feet  to  the  mile  and  at 
Port  Jervis,  where  it  leaves  New  York,  it  exceeds  in  volume  the 
Mohawk  at  its  mouth  and  the  Hudson  at  Schuylerville. 

Since  1880  when  there  wore  276  water  powers  in  use  on  this 
river  there  has  been  a  steady  decrease  in  their  numiber,  which  is 
keenly  felt  by  property  owners  along  the  river.  It  is  plain  there- 
fore that  in  any  comprehensive  plan  of  power  development  by  the 
State  the  Delaware  must  be  considered. 

Plans  have  been  proposed  by  interested  persons  for  the  storage 
and  control  of  its  waters  by  the  erection  of  a  series  of  dams  which 
shall  hold  at  least  2^  billion  cubic  feet  of  water.  These  plans 
contemplate  about  40  reservoirs,  and  also  a  series  of  river  basins 
in  the  stream  itself,  each  from  5  to  10  miles  long.  By  so  equal- 
izing the  river  flow  it  is  claimed  that  this  project  will  secure  safe 
and  advantageous  power  development,  and  in  addition  will  con- 
vert the  region  into  a  beautiful  and  attractive  pleasure  resort  and 
greatly  increase  land  values. 

Without  a  careful  survey  and  study  of  the  river  and  it«  possi- 
bilities, the  Commission  cannot  commit  itself  to  any  special  plan 
of  development,  but  the  subject  will  be  taken  up  and  carefully 
considered  in  the  future  work  of  the  Commission.  It  has  under 
contemplation  the  advisability  of  having  a  conference  upon  the 
subject  of  water  storage  with  the  representatives  of  the  States  of 
Xew  Jersey  and  Pennsylvania,  in  which  States  Commissions  with 
powers  similar  to  our  own  have  been  created. 
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A  State  Policy  of  Water  Powee  Development. 

In  the  year  1885  the  State  of  New  York  originated  a  policy 
of  forest  preservation^  since  which  time  interest  in  this  subject 
has  been  steadily  growing.  Up"  to  1894,  in  addition  to  the  ao- 
quisition  of  lands  purchased  by  tax  sale,  in  the  Adirondack  and 
Catskill  mountains,  only  $25,000  had  been  expended  by  the  State 
in  purchasing  forest  lands,  yet  the  acreage  under  State  owner* 
ship  had  increased  from  685,259  in  1885  to  713,806  in  1894. 
So  great  was  the  interest  in  forest  preservation  and  water  c<hi- 
servation,  ^nd  so  audacious  tho  greed  of  private  individuals  and 
corporations  to  get  control  of  these  natural  resources,  that  the 
Constitutional  Convention  of  1894  unanimously  adopted  the 
overture  amending  the  Constitution  of  I  he  State  so  as  to  preserve 
the  lands  purchased  by  the  State  in  their  wild  condition.  Since 
the  adoption  of  the  Constitutional  provision  prohibiting  the 
cutting  of  timber  and  the  destruction  of  the  forests  on  State 
lands,  the  Legislature,  by  liberal  appropriations  amounting  to 
$3,850,000,  has  made  large  additions  to  the  State  holdings  in  the 
Adirondack  and  Catskill  mountains,  increasing  the  total  acreage 
to  1,518,450  on  January  1,  1908. 

These  large  sums  have  been  appropriated  for  the  I>enefit  of  the 
people  of  the  State.  Had  this  policy  been  adopted  before  private 
interest  had  acquired  vast  tracts  of  land  in  the  mountains  and 
devastated  them  by  cutting  and  destroying  the  growing  timber, 
millions  of  dollars  would  have  been  saved  to  the  people. 

There  are  at  this  time  opportunities  lor  the  State  to  acquire  at 
a  minimum  cost  the  necessary  lands  and  rights  for  the  construc- 
tion of  large  storage  dams  for  the  control  of  flood  waters,  and 
for  the  development  of  water  powers,  which  can  be  made  to 
yield  generous  returns  to  the  people,  if  built,  developed  and  con- 
trolled by  the  State;  but  these  same  lands  and  rights  will  in  a 
short,  time,  like  our  forests,  rapidly  increase  in  price  in  the 
hands  of  private  and  corporate  owaiership.  These  valuable  sites, 
like  all  natural  resources,  where  nature  has  stored  up  immense 
treasure,  grow  more  valuable  each  year  as  population  becomes 
denser  and  the  demand  for  their  use  increases. 

"We  have  only  to  look  across  our  northern  border  to  the  Do- 
minion of  Canada  to  see  how  our  mistakes  in  allowing  private 
interests  to  acquire  natural  resources  have  been  avoided  by  the 
efafeswansbip  of  the  dominion  goverxvinfeTil.     XtvoXX^^t  V^^cstv  \svk^ 
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be  learned  from  the  policy  of  the  Federal  government  in  obtain- 
ing a  revenue  from  the  national  forests- 

A  series  of  reports  by  the  Hydro-Electrie  Power  Commission 
of  the  Province  of  Ontario,  show  that  a  large  saving  to  the  users 
of  heat,  light  and  power  can  be  obtained  by  utilizing  water  power 
instead  of  coal  for  these  purposes.  These  reports  to  the  dominion 
government  were  followed  by  the  creation  of  a  commission  given 
authority  among  other  things  to  expropriate  the  lands  and  water 
rights  of  power  companies  when  in  its  opinion  it  would  be  for  the 
interest  of  the  people  or  of  any  community  to  do  so.  This  statute 
of  our  neighbor  is  an  evidence  of  its  determination  to  preserve 
for  the  Canadian  government  these  natural  resources  which  wiU 
increase  its  annual  income. 

The  increase  in  the  revenue  of  the  national  government  from 
the  national  forests  was  "  more  than  2,000  per  cent,  in  the  past 
two  years,  and  one  and  one-half  million  dollars  above  the  cost  of 
administration.'^  While  we  cannot  hope  that  by  the  storage  of 
flood  waters  the  income  of  our  State  will  increase  with  such  rapid 
strides,  it  surely  will  be  augmented  at  a  rate  that  will  astonish 
the  average  person  and  justify  the  estimates  of  economists  who 
have  given  thoughtful  attention  to  the  subject.  We  are  a  grow- 
ing people  —  the  stream  of  water  that  will  furnish  a  safe  horse 
power  of  energy  at  a  minimum  cost  has  a  definite  value,  and  that 
value  in  a  few  years  will  increase.  Shall  we  permit  such  sources 
of  public  profit  to  pass  entirely  from  the  control  of  the  State  ? 

Single  interests  which  have  studied  the  subject  and  become 
familiar  with  the  value  of  water  rights  and  the  economy  of 
water  over  steam,  and  who  look  only  to  private  gain,  may  and 
probably  will  raise  objections  to  any  action  on  the  part  of  the 
State  toward  the  ownership  of  water  power  rights.  It  is  clear, 
however,  that  individuals  cannot  economically  develop  the  water 
power  within  this  State  and  the  opportunity  for  the  State  to  do 
so  should  not  be  defeated  by  the  determination  of  a  few  intent 
upon  amassing  fortunes  and  creating  monopolies.  Such  pur- 
poses must  yield  to  that  broad  policy  which  will  most  evenly  and 
justly  distribute  the  wealth  of  the  State. 

To  acquire  the   dam  sites    and  flowage  rights   en  the  large 
streams  and  begin  the  systematic  building  of  storage  dams  at 
such  places  as  will  mo6t  quickly  earn  a  reveim^  ^i\i^^.  V^  t^-^^i 
to  the  State  the  cost  of  acqnirinfr  such  rishtft  «^^^  ^^  ^^^  xv^e^%%«l 
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construction  seems  to  the  Commission  to  be  the  plain  duty  of  the 
State. 

There  are  obstacles  to  such  an  enterprise,  but  they  are  not 
insurmountable. 

In  the  area  proposed  to  «be  flooded  above  the  Saeandaga  dam 
at  Conkling\'ille,  there  are  about  one  hundred  acres  of  forest  pre- 
serve land.  The  execution  of  this  project  will  therefore  require 
an  amendment  to  the  State  Constitution  respecting  the  flooding 
of  State  lands.  The  same  is  true  of  other  available  locations  for 
storage  dam  sites  in  the  Adirondack  mountains.  In  each  in- 
stance the  area  of  State  land  that  would  be  flooded  is  small. 
An  amendment  to  the  Constitution  that  will  permit  the  State  to 
clear  and  flood  State  lands  only  where  it  shall  be  necessary  to 
build  storage  dams  in  the  interests  of  the  people  of  the  State 
and  for  a  State  revenue,  these  dams  and  reservoirs  to  be  owned 
and  controlled  by  the  State,  would  be  required  to  meet  the  ex- 
igencies of  the  situation.  It  is  for  the  people  of  the  State  to 
decide,  in  view  of  all  the  facts,  a«  to  the  expediency  of  such  action. 
Finally,  the  studies  and  investigations  of  this  Commission 
have  already  been  carried  far  enough  to  make  it  appear  probable 
that  it  can,  with  the  aid  of  the  Legislature,  construct  a  dam  upon 
the  Saeandaga  river  at  or  near  Conkling\'ille  in  Saratoga  county 
and  enter  into  contracts  with  reliable  property  owners  on  the 
Hudson  river  that  will  pay  the  interest  on  the  bonds  to  cover 
cost  of  construction,  create  a  sinking  fund  that  will  in  a.  reason- 
able time  retire  such  bonds  and  return  a  handsome  annual  in- 
come to  the  State.  The  revenue  from  this  new  source,  it  is  con- 
fidently predicted,  will  steadily  increase  to  an  amount  that  will 
lead  the  peo])le  to  regret  the  early  policy  of  the  State  in  allowing 
its  great  natural  water  power  advantages  to  be  acquired  by  private 
interests. 

The  report  of  our  consulting  engineer,  John  R.  Freeman,  and 
his  assistants,  accompanied  with  maps,  plans  and  data,  follows. 
Respectfully  submitted, 

ilEXRY  H.  PERSONS,  President 
CHARLES  DAVIS, 
JOHX  A.  SLEICHER, 
ERXST  J.  LEDERLE, 
MILO  M.  ACKER, 
February  1,  1908.  State  Water  Supplij  CommxmoTiu 
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REPORT  OF  JOHN  R.  FREEMAN,  CONSULTING  ENGINEER. 

Jcmuary  31,  1908. 
To  the  State  Water  Supply  Commission: 

Gtentlemen. —  On  August  6,  1907,  under  your  direction,  I 
began  engineering  studies  pursuant  to  chapter  569,  acts  of  1907, 
which  became  a  law  on  July  12th  and  is  popularly  known  as  the 
Fuller  bill.*  This  act  requires  a  report  of  progress  on  or  before 
February  1,  1908,  and  I  have  the  honor  to  present  one  as  follows : 

My  engagement  was  to  supervise  the  organization  and  early 
progress  of  the  work,  and  terminates  on  January  31st,  the  pressure 
of  other  work  preventing '  my  continuing.  I  will  therefore 
report  in  much  detail,  in  order  that  the  reasons  for  the  several 
studies  begun  may  be  made  dear,  and  that  the  information  ob- 
tained and  the  methods  employed  may  be  matters  of  record. 

After  a  careful  review  of  the  specifications  of  the  act,  and  a 
study  of  the  topographic  maps  of  the  State  and  of  sundry  reports 
upon  water  power  and  water  storage  in  the  State  of  New  York 
that  have  been  published  in  previous  years  by  the  United  States 
census,  the  United  States  Geological  Survey,  Jthe  New  York  Water 
Storage  Commission  and  the  State  Engineer,  it  appeared  to  me 
best  to  concentrate  the  work  upon  the  one  or  two  large  projects 
which  after  a  review  of  sundry  sites  seemed  to  present  the  best 
opportunities  for  water  power  development  under  State  control, 
rather  than  to  spread  the  appropriation  thinly  over^so  broad  a 
field  of  investigation  that  no  conclusion  could  be  reached  on  any 
one  project. 

One  of  these  sites  selected  for  investigation  is  located  on  the 
Sacandaga  river  near  the  point  where  it  empties  into  the  Hudson 
at  Hadley,  about  forty^ve  miles  northerly  from  Albany.  This 
site  promised  the  best  opportunity  of  any  found  for  the  construc- 


•See  Appendix  D  Below. 


?2  State  Watee  Supply  CoMMissioif. 

tion  of  a  great  storage  reservoir  for  regulating  the  flow  of  the 
Hudson  river  for  tho  benefit  of  the  thirteen  watejf  pg)wer  sites 
already  established  between  Troy  and  Corinth,  whieh  have  an 
aggregate  fall  of  about  three  hundred  and  eighty  feet  Ik  would  . 
more  than  double  their  present  power  in  time  of  drou^t  and  add 
upward  of  70,000  horse  power  to  the  water  power  commerciallj 
available  at  these  several  sites  already  utilized  upon  the  Hudson. 

It  also  promised  an  opportunity  for  building  later  a  power 
house  in  connection  with  its  dam  site,  where  the^rield,  if  drawn 
at  a  constant  uniform  rate  twenty-four  hours  per  day  and  seven 
days  in  the  week  throughout  the  year,  would  give  25,000  to  30,000 
horse  power  measured  on  the  turbine  shaft,  or  if  distributed 
mainly  in  ordinary  working  hours,  or  under  a  40  per  cent,  load 
factor,  would  deliver  at  Albany  or  elsewhere  as  needed  within  a 
radius  of  fifty  miles,  from  50,000  to  60,000  electrical  horse  power 
measured  at  the  consumers'  end,  throughout  even  the  dryest  year. 

The  Sacandaga  reservoir  site  also  promised  much  more  benefit 
than  any  other  in  the  way  of  water  supply  for  an  enlarged  Cham- 
plain  canal,  and  for  aiding  in  the  increase  of  the  mid-summer 
depth  for  navigation  below  Troy  and  for  improving  the  quality 
of  the  water  where  taken  for  domestic  purposes  as  far  down  as 
Poughkeepsie,  by  reason  of  the  greater  flow  and  the  dilution  in 
sujnmer  of  the  impurities  that  come  from  the  sewers  of  the 
towns  above. 

Requests  were  soon  received  from  the  supervisors  of  Monroe 
county  that  a  part  of  our  work  1)0  devoted  towards  studying  their 
problems  of  water  storage  for  flood  relief  at  Rochester  and  in  the 
valley  above  it  and  of  a  power  development  in  connection  there- 
with, which  should  help  carry  the  expense. 

Four  topographic  survey  parties  and  one  party  for  precise 
bench  levels  were  organized  as  rapidly  as  possible  for  the  upper 
Hudson  and  Sacandaga  studies,  under  the  general  supervision 
of  Mr.  Horace  Ropes,  an  engineer  of  wide  experience  in  hydraulic 
construction,  but  it  proved  impossible  to  get  our  survey  parties 
well  at  work  until  about  Oct.  1st,  because  of  delays  rearulting 
from  the  scarcity  of  good  men  under  the  exceptional  industrial 
activity  then  prevailing,  the  lack  of  instruments  and  an  UBUSoal 
amount  of  rainy  weather. 
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An  additional  topographic  party  was  oi^anized  in  October  for 
the  Oeneeee  rirer  studies  under  the  general  supervision  of  Mr. 
Walter  McOulloh,  the  engineer  permanently  employed  by  your 
Board. 

The  four  months  intervening  between  Oct.  1st  and  Jan.  31flt 
have  obviously  given  insufficient  time  to  accomplish  work  which 
might  well  occupy  a  year. 

Work  on  test  pits  and  borings  at  the  dam  sites,  for  proving  the 
depth  to  ledge  and  the  character  of  the  substrata,  have  suffered 
from  causes  of  delay  which  are  not  uncommon,  and  I  am,  there- 
fore, unable  to  present  final  designs  and  estimates  of  cost  with 
such  fulness  of  detail  as  I  would  like,  especially  because  of  the 
test  borings  completed  being  much  fewer  than  necessary. 

Final  j«nd  positive  statements  regarding  the  feasibility  and 
cost  of  the  two  main  projects  studied  are  not  warranted  at  this 
time,  but  it  can  at  least  be  said  that  no  insurmountable  obstacle 
to  either  the  Sacandaga  dam  site  or  the  Portage  dam  site  has  yet 
been  found,  and  that  the  outlook  for  both  is  very  hopeful  and 
abundantly  warrants  an  expenditure  for  further  study. 

In  brief,  the  work  accomplished  is  as  follows : 

Stream  Flow  Division. 

1.  Studies  of  all  known  records  of  the  rainfall  in  the  Adiron- 
dack region,  and  also  upon  the  headwaters  of  the  Genesee  region, 
have  been  made  with  a  view  to  determining  the  frequency  and 
range  of  years  of  exceptionally  small  rainfall  and  with  a  view  to 
learning  if  the  storage  must  be  planned  to  provide  against  greater 
droughts  than  those  which  have  occurred  in  the  period  since  ac- 
curate daily  gagings  of  the  river  flow  began. 

Diagrams  presenting  these  facts  are  submitted. 

2.  A  tour  of  inspection  of  all  known  Adirondack  rain-gage 
stations  was  made,  and  sketches  made  of  surroundings  of  each 
gage,  and  an  attempt  to  discover  if  some  were  less  worthy  of 
cr€4ence  than  others  in  making  up  the  average. 

Six  additional  rain-gages  have  been  set  in  the  Adirondack 
region  in  districts  not  well  covered  by  the  previous  records,  and 
continuous  gagings  of  rain  and  snow-falls  and  daily  maximum 
and  minimum  temperatures  at  these  stations  are  beings  TXi^vii\.^\\ife^. 
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Delay  in  receipt  of  instruments  prevented  beginning  these  \* 
measurements  in  season  for  study  of  the  distribution  of  the  re-  \\ 
markably  abimdant  rainfall  of  last  September.  Becords  of  this 
kind  must  be  continued  for  several  years  before  they  become  j 
of  much  value.  j 

3.  Two  series  of  comparisons  have  been  begun  between  rain-  ; 
gages  of  types  used  many  years  ago  in  making  the  early  records 
and  the  standard  type  of  rain-gage  used  to-day,  with  a  view  to 
learning  if  the  early  records  are  fairly  comparable  with  the  late 
records,  or  what  correction  should  be  added  to  make  them  sa 
One  set  of  these  observations  is  being  carried  on  at  Cornell  Uni- 
versity, the  other  set  at  the  Clarkson  Memorial  Institute  at  Pote- 
dam,  N.  Y.  At  least  a  year's  record  will  be  needed  before  any 
conclusive  results  will  be  obtained.  Several  years  of  comparison 
is  desirable. 

4.  The  average  normal  annual  rainfall  for  both  the  upper 
Hudson  and  the  Genesee  regions  has  been  determined  and  isohye- 
tal  maps  (plates  10  and  19)  prepared,  and  the  facts  that  the  rain- 
fall is  decidedly  larger  at  the  head  waters  of  both  streams,  than 
for  their  drainage  areas  as  a  whole,  have  been  fully  established, 
and  until  in  course  of  time  additional  rainfall  records  became 
available,  this  branch  of  the  study  is  complete. 

From  this  larger  rainfall  of  the  Sacandaga,  the  run-off  per 
square  mile  is  probably  15  per  cent,  larger  than  for  whole  of  the 
Iludson  drainage  above  Mcchanicville,  and  the  run-off  of  the 
Genesee  dainage  area  above  Portage,  although  less  precisely  de- 
termined, is  probably  at  least  12  per  cent,  larger  per  square  mile 
than  for  the  entire  Genesee  above  Rochester. 

5.  A  review  and  comparison  of  all  published  gagings  of  the 
flow  of  the  several  tributaries  of  the  upper  Hudson  has  been  made. 

6.  A  scries  of  daily  river  gagings  on  the  more  important  tribu- 
taries of  the  Iludson,  viz. —  at  three  points  on  the  Sacandaga,  at 
two  points  on  the  upper  Hudson  and  at  one  point  on  the  Schroon, 
has  been  begim  in  co-operation  with  the  United  States  Geological 
Survey,  the  observers  being  paid  from  the  funds  provided  under 
the  Fuller  bill. 

These  observations  have  bceen  carried  on  continuously  since 
about  Sept.  1st  and  fortunately  were  begim  just  before  the  dose 
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of  a  remarkably  severe  drought.  They  are  for  the  purpose  of 
showing  the  relative  yield  per  square  mile  of  the  different  tribu- 
taries and  for  comparison  with  the  long  established  gagings  of 
the  flow  of  the  whole  river  at  Mechanicville. 

7.  New  measurements  have  been  made  of  the  present  diversion 
of  water  into  the  Champlain  canal,  and  the  compensation  neces- 
sary on  this  account  for  correcting  the  records  of  the  Hudson 
river's  daily  flow  past  the  gaging  stations  at  Fort  Edward  and 
Mechanicville  has  been  determined  and  a  corrected  record 
prepared. 

Records  of  the  storage  control  of  Indian  lake  have  been  worked 
up  as  well  as  the  crude  data  available  will  permit,  in  order  to 
show  just  what  effect  the  large  dam  built  here  in  1899  with  the 
co-operation  of  the  State,  has  had  in  reinforcing  the  low  water 
flow  of  the  Hudson. 

8.  The  amount  of  storage  required  for  permanently  regulating 
flow  of  the  upper  Hudson  river  in  general  and  that  of  the  Sacan- 
daga  tributary  in  particular,  has  been  estimated  in  great  detail,  so 
that  the  yield  from  the  proposed  storage  reservoir  and  its  effect 
in  adding  to  the  low  water  flow  of  the  Hudson  can  now  be  pre- 
dicted with  all  the  precision  and  certainty  necessary  for  water 
power  studies. 

Diagrams  have  been  completed  showing  the  volume  of  the 
Sacandaga  flow  that  can  be  safely  relied  upon  for  power  in  the 
severest  drought,  corresponding  to  various  given  amounts  of  stor- 
age; also  diagrams  showing  the  reservoir  depletion  that  would 
have  occurred  year  by  year  with  the  proposed  rate  of  draft  and 
the  proposed  volume  of  storage. 

Sacandaga  Survey  Division. 

9.  A  general  system  of  triangulation  over  the  entire  territory 
was  established,  and  the  several  partial  surveys  have  all  been 
reduced  to  one  rectangular  co-ordinate  system,  and  mapped  in 
accordance  therewith.  The  geodetic  connection  of  this  co-ordinate 
system  to  the  primary  points  of  the  State  survey  or  to  the  precise 
latitude  and  longitude  have  not  yet  been  made,  because  of  rtHjuir- 


36  State  Water  Supply  Commission. 

ing  a  resetting  of  sigaals  on  distant  summits  and  beoause  of  inter- 
mediate triangulation  being  necessary  to  get  up  out  of  the  yalley  so 
as  to  see  them.  The  effort  has  been  to  leave  maps  and  records 
in  such  shape  that  any  future  engineer  can  pick  up  station  points 
and  extend  or  amplify  the  work. 

10.  Oontour  maps  on  a  scale  of  100  feet  to  the  inch  have  been 
prepared  for  each  one  of  the  thirteen  villages,  large  and  small, 
near  to  or  within  the  site  of  the  proposed  great  storage  reservoir.* 

These  maps  show  the  location  of  substantially  every  house  in 
each  village,  and  how  near  it  would  be  approached  by  the  water's 
edge  with  flow  lines  of  various  elevations.  The  purposes  of  these 
maps  are  to  show  the  highest  admissible  elevation  of  flow  line  for 
the  great  reservoir,  and  to  give  an  accurate  idea  of  the  disturb- 
ance or  damage  that  would  be  caused. 

11.  Generaf  i^pijgfajJEiqrnJ^pipon  a  scale  of  400  feet  to  the 
inch,  with  coniottr/infetvatjif  flv^  feet,  have  been  prepared,  em- 
bracing substantially  the  entire  ^rritory  of  about  fifty  square 
miles  comprised  by;^be/jm)|f09ed  r^ervoir  and  its  margins.  These 
sheets,  of  standard^si2e,^26Tr8S  inches,  were  pantographed  down 
from  our  survey  plottings  made  on  large  sheets  on  a  scale  of  100 
feet  to  the  inch. 

For  that  portion  of  the  reservoir  site  lying  below  an  elevation 
of  740  feet  above  sea,  we  obtained  much  aid  in  our  map  making 
from  a  very  good  set  of  land  boundary  maps  with  elevations,  made 
by  the  Hudson  River  Power  Company,  of  which  maps,  the  presi- 
dent of  the  company,  Mr.  Eugene  M.  Ashley,  kindly  permitted 
us  to  make  copies. 

Time  has  failed  for  the  completion  of  the  full  topographic 
work.  Several  gaps  are  left  in  the  survey  around  the  reservoir 
margin  in  localities  of  little  importance,  or  where  thick  woods 
interfered  with  rapid  progress;  but  out  of  more  than  100  miles 
of  margin  probably  less  than  ten  miles  is  unfinished,  and  a  recon- 
noissance  has  been  made  in  these  gaps  sufficient  to  show  the  lay 
of  the  land. 

12.  The  volumes  of  the  proposed  Sacandaga  reservoir  to  vari- 
ous proposed  heights  of  flow  line  have  been  determined  from  the 
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3ontour  maps  just  described,  by  means  of  planimeter,  and  are 
presented  in  a  diagram  on  plate  3  opposite  page  112. 

13.  Four  alternative  sites  for  the  proposed  dam  near  ConHing- 
ville  were  surveyed  and  plotted  on  scale  100  feet  to  the  inch,  in 
order  that  comparative  estimates  of  cost  might  be  made  and  the 
best  one  selected. 

At  what  now  appears  the  best  site  the  river  bed  is  700  feet 
above  sea  level  and  the  dam  proposed  would  raise  the  water  about 
fifty-six  feet  above  its  present  level  at  Conklingville  bridge. 

14.  A  line  of  topographic  survey  has  been  made  showing  the 
elevations  and  surface  characteristics  and  shaft  sites  over  the  tun- 
nel line,  neariy  three  miles  in  length,  between  the  proposed  dam 
and  the  proposed  power  house  site.  Time  and  means  have  not 
permitted  the  making  of  borings  and  test  pits  along  this  line, 
but  no  serious  obstacle  to  construction  has  appeared. 

15.  A  topographic  map  of 'the  proposed  power  house  site  has 
been  prepared  showing  various  alternative  locations  and  ground 
available  for  a  surge  tank  at  lower  end  of  tunnel  line. 

16.  Surveys  mth  topography  and  borings  along  the  proposed 
tailrace  location  about  one  mile  in  length  following  the  river  have 
been  made,  with  a  view  to  the  feasibility  of  obtaining  at  a  single 
power  house  the  entire  fall  between  the  proposed  Sacandaga  reser- 
sroir  and  the  ordinary-  level  of  the  Hudson  river  at  the  confluence 
>f  the  Sacandaga  at  Hadley. 

With  a  flow  line  established  at  an  elevation  of  770  feet  above 
?ea,  the  Hudson  being  at  548,.  the  ordinary  levels  in  pond  and 
tailrace  would  ^ive  a  gross  fall  of  about  215  feet  and  a  net  work- 
ing fall  at  medium  loads  of  about  200  feet,  or  perhaps  of  only 
170  feet  if  the  deep  tailrace  proposed  proves  too  expensive. 

17.  Five  ^'  wash-drill "  borings  have  been  made  in  prospecting 
For  the  best  dam  site  at  ('oiiklinp-ille,  and  although  the  deepest 
)f  these  holes  bored  extended  about  175  feet  below  the  present 
evel  of  the  river,  no  bed  rock  under  the  present  river  bed  waA 
•cached.  Many  more  borings  are  needed  to  develop  with  absolute 
certainty  the  character  of  the  sivbstrata  at  all  parts  of  the  dam 
;ite  and  to  define  the  precise  contour  of  the  ledge  at  the  spillway 
life. 
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The  diamond  drill  borings  begun  on  the  up-stream  dam  site 
on  the  side  of  the  river  nearest  to  the  ledge  outcrop  have  suffered 
from  a  series  of  accidents,  and  the  one  successful  hole  n6w  has  iti 
casing  down  about  100  feet  below  the  river  level  without  react 
ing  ledge. 

The  substratum  that  fills  the  deep  preglacial  gorge  as  revealed 
by  all  these  borings  is  an  extremely  fine  impervious  eand,  and  of 
a  character,  so  far  as  shown  by  the  borings  already  made,  that  will 
serve  with  entire  prudence  and  safety  for  the  foundation  of  the 
type  and  height  of  dam  proposed  for  this  site. 

The  type  of  dam  which  promises  best  among  those  now  being 
studied  is  an  extremely  thick  earth  dam  to  be  formed  probably  by 
hydraulic  sluicing,  filling  the  present  channel  twenty-five  feet 
above  the  full  reservoir  level,  and  is  combined  with  a  new  spill- 
way channel  over  natural  ledge  off  to  one  side  of  the  present 
river  channel. 

During  construction,  it  is  proposed  to  take  the  river  flow 
throiigh  a  twenty  foot  tunnel  in  the  ledge  and  to  safeguard 
the  partially  completed  earth  work  by  crib  dam  such  that  in  the 
chance  of  a  serious  freshet  while  work  is  in  progress,  no  catas- 
trophe could  occur. 

18.  Alternative  studies  have  been  made  along  the  ledge  out- 
crop on  two  sides  of  the  river  for  the  location  of  a  flood  spillway, 
or  by-wash,  suitable  for  carrying  the  entire  flow  of  the  river  in 
a  flood  much  greater  than  any  kno\\ii  to  have  ever  occurred,  and 
while  many  additional  borings  would  be  needed  before  prepara- 
tion of  final  plans,  the  present  outlook  is  that  such  a  spillway 
over  ledge  is  feasible.  Provisional  plans  for  the  dam,  its  spill- 
way and  sluices  are  presented. 

19.  For  most  of  the  houses  within  the  flow  limits  of  the  pro- 
jected Sacandaga  Reservoir,  an  outline  nicasurenient  and  a  brief 
description  and  estimate  of  its  fair  value  has  been  made,  and  such 
information  as  was  available  in  the  rapid  progress  of  the  surveys 
has  been  obtained  Ixarinir  on  the  present  fair  market  value  of  the 
lauds  to  be  flowed.  From  this  brief  and  somewhat  incomplete 
data,  an  estimate  of  the  real  estate  damages  has  been  made  up. 
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ncluded  in  this  is  an  addition  of  50  per  cent,  to  the  probable 
air  market  value  to  cover  legal  expenses,  liberal  settlements  and 
ontingencies. 

In  general  this  land  in  the  territory  to  be  flowed  is  not  fertile, 
he  houses  are  not  very  valuable  and  the  village  of  Conklingville 
las  been  decadent  since  the  loss  of  its  industries,  a  tannery  and 
.  wooden  ware  factory ;  the  last  of  which  stopped  some  five  years 
T  more  ago  and  is  in  a  state  of  decay. 

It  is  of  interest  that  a  large  part  of  this  property,  lying 
elow  contour,  750,  was  bonded  for  purchase  by  the  Hudson  River 
i^ower  interests  within  the  past  two  or  three  years,  but  a  part  of 
hese  bonds,  which  involved  no  substantial  cash  payment,  have 
xpired  recently  and  have  not  been  renewed. 

20.  A  partial  survey  and  study  has  been  made  for  the  reloca- 
ion  of  a  portion  of  the  railroad  which  runs  from  Gloversville  to 
Jacandaga  Park  near  Cranberry  creek. 

21.  On  the  Hudson  river  between  Hadl'ey  and  Luzerne,  a  dam 
ite  for  the  storage  reservoir  mentioned  by  Mr.  Rafter  in  the 
ludson  river  storage  studies  of  1895,  has  been  partially  surveyed 
ind  the  surrounding  topography  measured,  suflSciently  to  show 
vhat  houses  would  bp  affected  and  suflSciently  to  give  an  ap- 
)roximate  idea  of  the  capacity  of  the  proposed  reservoir.  Ex- 
remely  cold  weather  and  deop  snow  came  before  the  surveys 
)f  the  upper  portion  of  this  Hadley  Reservoir  were  completed, 
)ut  it  is  already  plain  that  its  storage  volume  is  only,  about  half 
IS  great  as  supposed  by  Mr.  Rafter.  (See  Sheet  11-B  following 
>    156.) 

22.  A  tour  of  inspection  to  learn  the  characteristics  of  the 
vater-shed,  and  the  character  of  present  forest-cover  on  character- 
stic  portions  of  the  Hudson  and  Sacandaga  water-shed  was  made, 
m  which  tour.  I  accompanied  a  majority  of  the  members  of  your 
Board  and  representatives  of  the  power  interests  located  between 
Palmers  Falls  and  Mechanicville. 

We  proceeded  by  rail  to  Xorth  Creek,  thence  by  wagon  via 
S'orth  river  to  Indian  Lake,  and  after  an  inspection  of  the  dam, 
he  sluice  ways  and  margins  of  Indian  Lake  and  the  dead  woods 
it  Lewey  Lake,  proceeded  southwesterly  past  Mason  Lake,  across 
;o  Lake  Pleasant,  thence  around  by  Rudeston  and  Pv«»^q.o  "Li!&a. 
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Inspection  was  made  of  dam  site  at  head  of  falls  on  west  bnuh 
of  Sacandaga  a  mile  or  more  below  Piseco  outlet,  and  of  n 

excellent,  large  reservoir  site  on  the  south  branch  of  Saemdipi 
now  mostly  swamp  land,  extending  nearly  np  to  Arietta.  TheoflB 
we  proceed  to  Canada  Lake,  and  thence  across  to  XorthTilb 
via  Benson. 

This  tour  was  through  the  heart  of  the  Sacandaga  wateMM 
and  showed  a  countrv  substantially  well  forested,  whidi,  althon^ 
completely  lumibered  over  in  years  past  for  hemlock,  balsam, 
spruce  and  pine,  is  to-day  largely  covered  by  dense,  old  growA 
hard  wood  and  with  much  new  evergreen  growtL  The  hard  woods 
cannot  be  floated  down  the  rivers  to  the  market^  and  bo  only  tk 
soft  woods  or  evergreens  have  been  cut  off. 

Everything  seen  gave  evidence  that  this  Sacandaga  r^iaa  is 
the  most  prolific  source  of  the  Hudson,  subject  to  all  the  benefits 
that  forest  cover  can  give. 

Westerly  from  North  River  village  on  the  Hudson  a  few  idi- 
tively  small  areas  were  noted  where  hillsides  were  bare  and  de- 
nuded, apparently  as  the  result  of  forest  fires  long  ago,  in  which 
the  spongelike  fertile  humus  had  been  destroyed. 

23.  A  tour  of  inspection  was  made  in  September  by  Mr.  Bopes 
and  myself  along  the  Schroon  river,  following  the  river  road  from 
the  outlet  of  the  lake  down  to  WarreiLsburg,  inspecting  the 
Tumblehead  Falls  site  and  looking  for  other  possible  sites  f« 
power  development. 

It  was  at  that  time  hoped  to  extend  the  surveys  of  the  presoit 
season  to  include  the  possibilities  of  large  storage  on  the  Schiooit 
The  sites  for  any  large  power  development  were  not  found  par- 
ticularly favorable,  and  the  impression  was  gained  that  any  fatore 
larger  development  of  Schroon  storage  could  best  be  used  almost 
wholly  for  the  benefit  of  the  400  feet  of  developed  fall  from  Had- 
ley  to  Troy  rather  than  for  local  development. 

With  the  great  Sacandaga  reservoir  built  there  would  probably 
be  no  need  for  the  storage  development  on  the  Schroon  for  many 
years.  Further  surveys  and  study  are  nec(\ssary  before  even  gen- 
eral conclusions  about  the  reasonable  extent  of  power  development 
and  of  storage  development  in  the  Schroon  valley  can  be  reached. 


I 
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i;l;  24.  On  the  Gfenesee  division,  topography  surveys  have  been 
fk  maxle  of  the  sites  for  a  dam  farther  upstream  than  any  heretofore 
£  iwoposed,  in  order  to  make  certain  that  a  suitable  dam  could  be 
P .  located  entirely  ^bove  the  limits  of  the  Letchworth  Park. 

A  principal  object  in  all  my  Glenesee  studies  was  to  so  plan  a 
power  development  as  to  avoid  marring  the  beautiful  scenery  of 
the  Letchworth  Park,  and  to  determine  if  flood  storage  and  a 
-  profitable  amount  of  power  development  under  public  control 
could  be  attained  and  still  leave  fully  as  much  water  flowing  over 
the  falls  in  hours  of  daylight  during  the  summer  season  as  they 
now  enjoy.  The  feasibility  of  a  great  power  development  without 
any  serious  impairment  of  the  scenic  beauty  is  demonstrated,  but 
the  questions  of  profit  to  the  public  from  sale  of  power  and  of  flood 
control  need  further  study. 

Surveys  have  been  made  for  two  alternative  power  house  sites 
downstream  from,  and  entirely  outside  of,  the  Letchworth  Par^. 
Topography  has  also  been  investigated  along  a  proposed  tunnel 
line,  and  the  relocation  of  the  railroad  necessary  to  accommodate 
the  proposed  new  dam  site  has  been  made. 

Maps  of  the  sites  described  in  the  preceding  paragraph  have 
been  prepared  on  a  scale  of  100  feet  to  the  inch,  and  traced  on 
sheets  of  standard  size. 

25.  Test  borings  have  been  made  to  determine  the  character 
of  the  substrata  at  various  localities  in  the  thinnest  portion  of 
the  natural  rim  of  the  proposed  great  storage  basin  above  Portage. 
Samples  have  been  preserved  and  submitted  to  experts  for  classi- 
jScation.  A  contour  map  of  this  debatable  ground  has  been  pre- 
pared, also  a  cross  section  showing  the  results  of  the  borings  and 
the  relation  of  the  clay  bank  to  the  proposed  water  level. 

We  find  that  after  penetrating  a  short  distance  below  the 
present  surface  and  before  getting  down  to  the  highest  water 
level  proposed  for  the  reservoir,  the  substrata  are  all  of  an  ex- 
tremely fine,  compact  and  impervious  material,  commonly  desig- 
nated by  those  experienced  in  test  borings  as  "  clay." 

The  size  of  grains  in  the  samples  of  sand  overlying  this  clay  sel- 
dom averages  more  than  a  few  thousandths  of  an  inch  in  diame- 
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ter,  and  in  nearly  all  of  the  deeper  strata  the  grains  are  so  ex-. 
tremely  fine  as  to  insure  a  very  high  degree  of  imperviousness. 

WTiile  additional  surveys  and  many  borings  would  in  natural 
course  be  made  prior  to  becoming  actually  committed  to  the  con- 
struction of  the  proposed  dam,  the  surveys  and  all  borings  thus 
far  made  concur  in  showing  that  not  the  slightest  danger  of  leak- 
age or  rupture  of  this  natural  embankment  is  to  be  feared.  At 
its  thinnest  point  it  forms  a  dam  about  half  a  mile  in  thickness 
measured  at  high  water  level,  composed  of  extremely  impervious 
material. 

26.  Outline  designs  for  an  arched  masonry  dam  at  this  new 
Portage  site,  with  a  long  spillway,  have  been  made,  and  plans 
prepared  sufficient  for  demonstrating  feasibility  and  for  purpose 
of  a  preliminary  estimate  of  cost;  and  are  submitted  herewith. 

27.  Outline  designs  have  been  prepared  for  a  power-house 
with  turbines  suitable  for  regularly  supplying  about  sixty-five 
thousand  horse  power,  working  under  a  maximum  head  of  about 
five  hundred  and  fifty  feet  and  are  submitted  herewith. 

28.  Novel  designs  for  a  tall  surge  tank  to  be  located  dose 
to  the  end  of  the  tunnel,  for  the  purpose  of  relieving  momentum 
waves,  liable  to  occur  in  the  exceptionally  long  water  column  of 
this  tunnel  under  fluctuations  of  the  power  demand,  have  been 
worked  out,  and  outline  studies  of  the  structures  are  presented. 

29.  Time  and  means  have  not  sufficed  for  borings  along  the  pro- 
posed timnel  line  or  at  the  alternative  power  sites,  but  the  indi- 
cations of  the  outcrop  are  that  sound  rock,  very  favorable  for 
tunneling,  will  be  foimd  at  the  low  level  proposed;  neither  has 
time  pennitted  a  balance  to  be  struck  between  the  merits  of  the 
two  alternative  power  sitef^,  one  having  the  shorter  tunnel,  the 
other  the  greater  fall  and  power. 

In  general  the  best  economy  is  found  in  concentrating  all  the 
fall  at  a  single  site  and  in  getting  the  most  out  of  the  opportunity. 
The  State  should  bo  as  little  wasteful  as  possible  of  its  natural 
resources;  therefore  the  first  attention  has  been  given  to  the 
lower  site. 

30.  Following  a  chance  suggestion,  said  to  have  been  made  by 
Tx>r(l  Kelvin  when  he  inspected  the  scenery  at  the  Portage  Falls, 
to  which  great  importance  has  l>oen  nttaehed  by  some  of  the 
Eochester  journalists,  careful  stvuly  in  t\ve  fteld  haa  been  made- 
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concerning  the  feasibility  of  building  a  series  of  small  dams  and 
small  reservoirs  on  the  several  tributaries  of  the  Genesee  above. 
Mount  Morris  as  a  substitute  for  the  one  great  dam  and  reservoir 
proposed  above  Portage. 

After  a  study  of  the  topographic  maps  and  drainage  areas  a 
reconnoissance  was  made  at  each  important  tributary,  to  deter- 
mine if  conditions  for  dam  and  reservoir  building  were  favorable, 
and  what  was  the  largest  amount  of  storage  that  could  be  obtained. 
These  studies  were  made  under  my  supervision  by  an  engineer 
of  experience  in  water  power  development  (Mr.  George  G.  Shedd, 
see  special  reports,  page  219)  and  prove  beyond  all  serious  -doubt 
or  question  that  the  scheme  of  small  reservoirs  on  tributaries,  in 
place  of  a  large  reservoir  on  the  main  river,  is  utterly  visionary 
and  impracticable. 

31.  Outside  inspection  was  made  of  substantially  every  build"- 
ing  within  the  district  proposed  to  be  flooded  by  the  Portage 
reservoir,  with  a  view  to  estimating  its  probable  fair  market 
value. 

Estimates  of  probable  fair  market  value  have  also  been  made 
for  all  of  the  land  to  be  overflowed.  The  figures  thus  obtained 
are  regarded  merely  as  a  basis  for  a  rough  preliminary  estimate  of 
cost  of  acquiring  the  reservoir  site.  Although  these  figures  are 
believed  to  average  very  closely  to  the  real  market  value,  it  is. 
recognized  that  costs  of  condemnation  and  the  generous  views- 
which  prevail  in  making  settlements  of  this  kind  tend  toward  a 
total  expense  in  the  acquisition  of  real  estate  for  reservoir  purposes 
that  is  larger  than  the  prior  value.  The  sum  total  of  the  figures^ 
obtained  as  above  has,  therefore,  been  increased  by  50  per  cent, 
to  cover  legal  expenses  and  other  allowances. 

32.  As  previously  indicated,  a  study  has  been  made  of  all  of 
the  long  term  rainfall  records  in  the  vicinity  of  the  upper  Genesee, 
with  a  view  to  learning  if  there  were  other  periods  when  the  rain- 
fall and  storage  requirements  were  materially  different  from  those 
existing  during  the  period  of  gagings  at  Mt.  Morris  from  1903 
to  1907. 

83.  A  review  of  all  published  gagings  of  the  Genesee  river  has 
been  made  and  from  these  has  been  computed  the  probable  yield 
at  the  Portage  site,  and  the  fluctuations  in  height  of  ^atet  vdl  ^3^^ 
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reservoir  from  month  to  month  under  various  rates  of  eoPBtiTit 
draft  has  also  been  worked  out,  so  that  the  mai^n  of  unoertainty 
is  now  small  in  the  amount  of  power  that  could  be  prodooed  tt 
Portage  and  at  Rochester  from  the  proposed  reservoir. 

34.  The  records  of  the  destructive  Genesee  floods  have  been 
teviewed  in  connection  with  a  partial  study  of  the  restraining 
effect  upon  them  of  a  reservoir  used  chiefly  for  water  power,  but 
to  fully  work  out  the  Rochester  and  Genesee  flood  problem  is  a 
far  larger  task  than  could  be  brought  within  the  scope  of  the» 
studies  of  1907. 

Full  Use  of  the  Opportunity. 

At  the  outset  it  was  determined  to  give  the  surveys  and  first 
studies  such  scope  that  the  natural  resources  of  each  situation 
could  be  availed  of  to  the  greatest  iM)ssible  degree,  and  if  obstacles 
were  encountered  as  the  studies  progressed,  then  retrench  in  the 
design  so  far  as  economy  might  require. 

A  Sacandaga  reservoir  of  greater  area  than  any  heretofore 
proposed  was  studied,  in  order  that  it  might  be  possible  to  keep 
the  main  portion  of  the  reservoir  bud  entirely  covered  by  water 
even  when  drawn  to  the  lowest  point  that  the  outlet  gates  would 
permit. 

Since  it  appeared  probable  that  bv  raising  the  flow  line  to  an 
elevation  some  thirty  feet  higher  than  heretofore  proposed,  the 
artificial  lake  could  be  give  the  semblance  of  a  natural  lake  with 
sandy  beaches  even  when  at  its  lowe^^t  level,  and  that  it  could  thus 
bo  made  a  beautiful  feature  in  the  landscape  at  all  times,  and 
since  with  this  greater  depth  it  would  never  be  necessary  to  uncover 
the  ])resent  irrcat  swamp,  risk  of  the  reservoir  becoming  offensive 
would  be  avoided:  the  first  study  was  directe<i  toward  a  flow  line 
at  an  elevation  of  780  feet  above  sea,  but  after  a  fuller  recon- 
noi.^snncN'  on  tlio  ground,  the  lower  level  of  770  feet  was  adopted, 
and  so  far  as  the  present  studies  have  shown,  this  high  level  of  770 
feet,  is  feasible,  and  the  reservoir  will  crive  all  needed  storage  if 
drawn  only  down  to  740  in  the  most  severe  drought  of  the  half 
century,  being  lowered  only  about  ten  feet  in  years  of  ordinary 
Xear  some  of  the  villacres,  on  certain  of  the  coves  that 
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might  otherwise  have  their  beds  uncovered  when  reservoir  is  drawn 
down,  low  earth  dams  can  be  cheaply  built  for  preventing  this,  if 
found  desirable. 

Studies  were  made  for  the  highest  practicable  reservoir  level 
*and  for  the  lowQst  tail  race  level  and  for  developing  all  upon  a 
single  fall  because  it  appeared  desiralble  in  a  project  under  State 
development  to  utilize  to  the  utmost  the  water  power  that  could 
be  created,  as  well  as  to  simplify  the  problem  of  future  manage- 
ment and  number  of  men  required,  by  concentrating  the  entire 
fall  for  use  in  a  single  power-house  and  utilizing  for  power  the 
full  head  of  the  lake.  The  higher  the  lake  level  the  greater  the 
power. 


46  State  Water  Supply  Commission. 

RESULTS  IX  BRIEF. 

Water  Power  Gaixed  ox  ITudson  River. 

Stating  the  results  of  general  public  interest  thus  far  obtained, . 
in  briefest  possible  temis: 

We  find  it  very  probable  that  on  the  Sacandaga  there  can  be  con- 
structed a  resen'oir  which  will  have  at  high  water  an  area  of 
about  40  square  miles,  or  nearly  the  area  of  Lake  Greorge. 

This  will  be  so  large  that  the  surplus  flood  waters  of  years  of 
heavy  rainfall  can  be  carried  over  to  reinforce  the  flow  of  the 
river  in  years  of  small  rainfall. 

The  extreme  depth  of  water  at  the  dam  site  will  be  about  60  . 
feet,  and  will  be  about  30  feet  when  the  lake  is  drawn  as  low  as 
the  sluices  will  permit. 

In  a  year  of  ordinary  rainfall  the  lake  would  be  lowered  not 
more  than  8  or  10  feet,  and  in  the  year  of  smallest  rainfall,  sudi 
as  is  likely  to  come  once  in,  say  20  years,  it  would  never  be  drawn 
more  than  30  feet.  The  area  of  the  lake  when  thus  drawn  ^o  the 
lowest  level  possible  would  be  about  30  square  miles. 

This  reS(-rvoir,  although  inside  the  line  of  the  Forest  Preserve 
lands,  would  be  entirely  outside  the  limits  of  the  Adirondack 
Park,  and  I  believe  it  feasible  to  so  prepare  its  margins  that  the 
hills  around  it  will  become  attractive  sites  for  summer  cottages, 
thus  leaving  the  immediate  rocion,  after  a  few  years,  fully  a3 
populous  and  more  prosperous  tlian  to-day,  notwithstanding  the 
nunil)er  of  houses  that  would  have  to  Ix*  either  submerged  or 
removed. 

This  Sacaufla^a  reservoir,  as  soon  as  built,  will  add  most  re- 
markably to  the  ]>ros('nt  water  rosonreos  of  the  Hudson  river  by 
the  release  of  it.s  stored  waters  for  u^o  all  the  way  from  Corinth  to 
Troy;  and  tlirrcfon^  tlio  ('X]Kuse  of  eoustrnction  of  the  proposed 
Saoandai^a  jMJWcr-hoiisc,  with  its  ('X])eiisivo  tuunol,  lailrace  and 
<il(Ttrical  trMustiiis-^ion  lines,  can  be  delayed  as  many  years  after  the 
resen'oir  is  built  as  thought  dosirable. 

Until  \\u*.  proposed  Saeaiulai::a  ]>ower-house  is  built,  the  sluice 
gates  c'      "  "    Sacandaga  reservoir  .would  ordinarily  be  nearly  or 
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wholly  closed  during  from  four  to  six  months  of  the  year,  and 
opened  only  during  those  six  months  of  the  year  in  which  the  flow 
of  the  Hudson  is  low. 

I  compute  that  under  these  circumstances  the- waters  of  this 
reservoir  alone,  with  the  opening  of  the  gates  varied  from  day 
to  day  as  the  varying  flow  of  the  main  river  may  call  for,  would 
reinforce  the  flow  of  the  main  river  to  such  an  extent  that  the  dis- 
charge at  Mechanicville  need  never  be  less  than  6,500  cubic  feet 
per  second  where  it  now  sometimes  falls  as  low  as  1,500.  - 

The  greatest  regulated  flow  at  Mechanicville  contemplated  in 
Mr.  Rafter's  studies  of  1895,  as  a  result  of  constructing  the  whole 
chain  of  proposed  Adirondack  reservoirs,  was  4,500  cubic  feet 
per  second,  but  I  find  good  reasons  for  believing,  as  just  stated, 
that  from  this  one  reservoir  of  the  size  now  proposed,  a  much 
better  result  can  be  obtained  than  heretofore  hoped  for  from  the 
storage  control  of  all  the  ponds  and  lakes  on  the  upper  Hudson, 
including  the  Schroon. 

This  Sacandaga  reservoir  would  more  than  double  the  present 
water  power  capacity  of  each  mill  site  on  the  river  during  the  two 
months  of  drought  of  the  average  year  and  would  greatly  increase 
the  value  of  the  undeveloped  sites  below  Spier's  Falls,  which  are 
said  to  have  a  fall  of  about  70  feet. 

The  average  24-hour  7-day  discharge  from  this  Sacandaga 
reservoir  in  the  dryest  month  of  a  year  of  ordinary  rainfall,  as 
thus  used  for  storage  only,  would  be  about  4,450  cubic  feet  per 
second,  which  would  add  nearly  125,000  available  horse  power 
in  the  aggregate,  at  the  thirteen  developed  water-power  sites  from 
Corinth  to  Troy,  inclusive,  and  about  20,000  horse  power  addi- 
tional at  the  undeveloped  sites  between  Spier's  Falls  and  Glens 
Falls,  over  and  above  that  which  the  river  now  furnishes  in  a 
similar  dry  month.  Taking  the  six  dryest  months  of  the  ordinary 
year,  the  aggregate  in  average  amount  of  available  power  added 
at  the  several  sites  during  the  dry  half  of  the  year  would  be 
about  80,000  horse  power  of  24-hour  7-day  power. 

These  are  enormous  quantities.  The  total  of  new  power  thus 
added  at  sites  on  the  Hudson  is  larger  than  the  aggregate  water 
powers   of   Holyoke,   Lowell   and   Lawrence. 
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Two  Different  Methods  ob  Stages  of  TJbb. 

In  the  early  years,  this  Saeandaga  reservoir  can  be  used  flolelj 
for  storage  for  the  benefit  of  the  present  water  powers  on  the  miiii 
liver.  In  later  years,  its  first  and  chief  use  would  be  for  supplj- 
ing  a  new  power-house  on  the  outlet  from  this  great  artificial  lik& 

The  greatest  good  to  the  development  of  the  State  ultimatelj 
will  come  not  from  the  use  of  this  reeervoir  solelj  for  storage  in 
the  interests  of  the  mills  on  the  main  river,  and  care  should  be 
taken  that  no  prescriptive  or  contract  rights  are  gained,  adverse 
to  ultimately  taking  all  the  reservoir  fiow  at  substantially  a  uni- 
form rate. through  the  power-house  proposed  on  the  Sacandigi. 
Other  reservoir  sites  can  be  then  developed  on  other  tributaries 
of  the  Hudson,  for  the  sole  benefit  of  the  sites  below  Hadley. 

Whenever  it  becomes  expedient  to  construct  the  proposed 
power-house  near  Hadley,  a  tunnel  about  two  miles  in  length  will 
have  to  be  built  under  the  mountain,  and  the  down-stream  mile 
of  the  Saeandaga  (which  is  found  by  our  borings  to  contain  no 
ledge),  will  need  to  be  excavated  or  dredged  for  a  deep  tailraoe. 

The  Hadley  power-house  can  then  use  all  of  this  water  under 
a  head  and  fall  of  nearly  200  feet,  and  with  turbines  of  ordinary 
eflSciency  this  would  yield  constantly  about  25,000  to  30,000 
horse  power  on  the  turbine  shaft  if  dra\sTi  at  a  uniform  rate  for 
2i  hours  per  day  and  7  days  in  the  week  throughout  the  year,  bat 
as  more  profitably  used,  and  concentrating  a  large  part  of  the  use 
into  the  ordinary  working  hours  of  the  week,  with  a  40  per  cent 
load  factor,  loads  aggregating  upward  of  60,000  horse  power,  as 
measured  at  the  consumers'  end,  allowing  85  per  cent.  efficieQ(7 
for  electrical  conversion  and  transmission,  could  be  supplied 
throughout  a  dry  year,  and  transmitted  in  part  for  municipal  pur- 
poses to  Albany,  Troy,  Cohoes,  Saratoga,  or  any  cf  the  communi- 
ties within  a  radius  of  upward  of  50  miles. 

My  own  views  are  that  it  should  be  the  policy  of  the  State  to 
develop  new  uses  or  to  supply  solely  public  needs  at  cost,  rather 
than  to  enter  into  competition  with  established  power  plants  by 
offering  their  manufacturing  customers  lower  rates.  Temporarily 
with  a  portion  of  this  power  sold  to  them  at  wholesale  the  build- 
ing of  the  plant  proposed  would  greatly  benefit  those  established 
power  plants  now  suffering  a  shortage. 


STtroiES  or  Watek  Powes  Dkvelopm:ent- 

Kear  to  the  power-hous^  a  new  industrial  eomiQ unity  could  be 
founded  and  supplied  with  a  part  of  this  great  power,  for  the  total 
[of  25,000,  or  SO^OOO  horse  power  of  24-hour  power,  or  60,000 
'horse  power  in  ordinary  working  hours,  just  mentioned  as  avail- 
L  aUe  at  this  one  power-house,  is  greater  than  the  aggregate  wa^r 
^■flower  of  Lowell  and  Holyoke  combined. 

^1  The  greatest  utility  to  the  State  would  be  obtained  under  a 
^■system  designed  to  encourage  local  development  of  new  industrial 
II  communities,  rather  than  by  leaaing  this  power  to  private  oorpora- 
Htions  for  the  purpose  of  replacing,  because  of  lower  oost^  power 
"  now  obtained  by  the  burning  of  coal. 

For  twenty  years  or  more  of  the  immediate  future,  pending  the 
gradual  eneouragBment  and  development  of  indus^lries  of  the  kind 
in  which  the  maximum  papulation  per  thousand  horse  power  is 
snpport-ed,  it  would  be  wise  for  the  State  to  seek  markets  for  the 
surplus  portion  of  this  power  where  it  would  simply  eheapeii  the 
cost  of  manufactnring  or  street  railway  service  or  electric  light- 
ing by  replacing  power  now  derived  from  burning  coaL 

Temporarily  perhaps  leases  might  also  be  made  for  electrolytic 
or  other  use  consuming  large  amounts  of  power  rather  than  to  let 
the  water  run  to  waste,  but  the  fixed  and  plainly  expressed  policy 
ftltould  be  to  set  a  time  limit  to  such  leases  and  try  to  ultimately 
have  this  power  put  to  such  use  as  will  employ  in  now  enlerprisea 
as  near  to  thia  power-house  as  practicable  large  numbers  of  highly 
skilled  operatives. 


^EeNETITS   of   SACAJfDAQA  PoWEfi  P&OJKCT  TO   ExiSTiNO  WaTES 
^k  PoWEES   ON   THE    HoBSON, 

H  Athough  the  uniform  disdiarge  through  the  Sacandaga  power- 
house will  reinforce  the  existing  power  sites  on  the  Hudson  be- 
tween Corinth  and  Troy  and  enlarge  their  capacity  to  a  leas  extent 
than  the  intermittent  discharge  during  the  first  period  mentioned, 
when  the  Sacandaga  sluices  are  closed  tight  for  sevend  months 
in  the  year  and  its  storage  discharged  wholly  in  months  of 
drought,  the  uniform  discharge  from  the  proposed  power-house 
nevertheless  will  be,  as  already  stated,  of  great  benefit  in  adding 
to  the  power  at  all  of  the  sites  from  Corinth  to  Troy  inclusive* 
For  example,  in  September,  1907,  the  Sacandapi  w^  WSS& 
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natural  state  was  delivering  only  about  130  cubic  feet  per  second 
into  the  Hudson,  whereas  with  the  proposed  reservoir  built  and  its 
water  used  exclusively  through  the  proposed  power-house  about 
one  mile  west  of  Hadley,  the  corresponding  discharge  from  the 
Sacandaga  would  be  1,700  cubic  feet  per  second.  This  additional 
1,570  cubic  feet  per  second  of  24-hour  flow,  for  example,  on  the 
75-ft.  drop  at  Spier's  Falls,  would  add  10,000  horse  power  of 
24-hour  7-day  power. 

An  estimate  made  in  much  detail  from  the  records  of  Hudson 
flow  during  the  past  20  years,  shows  that  the  aggregate  increase 
in  power,  by  the  uniform  draft  through  the  Sacandaga  powe^ 
house  all  the  way  from  Corinth  to  Troy,  would  average  nearly 
22,000  net  horse  power  increase  of  24-hour  7-day  power  on  the 
turbine  shaft  for  the  six  dry  months  in  the  year. 

The  facilities  for  building  an  enormously  thick  and  high  earth 
dam  here  by  the  hydraulic  sluicing  method  practiced  in  the  West 
apparently  give  means  for  abundant  safety  within  limits  of 
reasonable  cost. 

Should  it  bo  deemed  after  further  investigaiion  that  so  high 
a  dam  as  the  one  now  being  studied  which  would  impound  56  ft. 
in  depth  of  water,  is  not  feasible,  a  lower  dam  can  be  adopted 
and  a  good  power  and  storage  proposition  still  be  obtained.  And 
while  I  would  not  yet  undertake  to  pronounce  finally  on  feasi- 
bility or  cost,  I  do  heartily  recommend  further  investigation. 

I  have  been  unable  to  find  anywhere  within  the  State  of  New 
York  (unhss  it  ho  at  Xiagara),  another  site  which  promises  to 
be  so  well  adapted  to  development  under  State  o\\Tiership  and 
control. 

Private  interests  have  for  four  or  five  years  past  been  obtain- 
ing: property  an<l  rif^hts  with  a  view  towar<l  the  development  of 
this  Sacandaga  power  under  much  less  oomj^rehensive  plans  than 
tho.^e  which  T  have  worked  out  and  under  conditions  which  will 
bring  far  less  new  power  and  far  less  benefit  to  the  State. 

Advantages  Givkx  by  State   Owxershti*  axp  Conteol. 

The  State,  obtaining  its  money  by  bond  issues  at  less  than  two- 
thirds  the  annual  charge  that  a  private  company  has  to  meet  when 
•"he  ordinary  discount  and  bonus  are  recokned  in,  can  afford  to 
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expend  a  part  of  this  difference  in  a  better  preparation  of  the 
reservoir  site  and  in  more  ample  and  permanent  structures. 

Moreover,  the  State  can  doubtless  find  means  to  properly  assess 
upon  each  of  the  owners  of  the  thirteen  or  fifteen  power  sites  along 
the  Hudson  a  fair  rental  value  for  the  increase  in  flow  by  which 
the  power  at  each  plant  would  be  practically  doubled,  while  it  is 
probably  impossible  to  form  a  combination  of  all  the  mill  owners 
in  which  each  would  co-operate  properly  and  contribute  his  fair 
share  toward  the  full  success  of  this  large  work. 

Again,  under  private  ownership  and  control  the  building  and 
emptying  of  the  more  shallow  reservoir  proposed,  in  which  vast 
swamp  areas  would  be  uncovered  at  ithe  end  of  a  summer  drought, 
might  be  a  distinct  disadvantage  to  the  surrounding  communities 
of  Batchellerville,  Northville,  Northampton,  etc.;  while  on  the 
other  hand  the  larger  and  deeper  reservoir  proposed  to  be  built  by 
the  State,  with  its  steeper  banks  and  well  prepared  bed,  with  pro- 
jecting stumps  removed,  and  with  its  sandy  beaches,  and  with  its 
sluiceways  so  arranged  that  by  no  possibility  could  the  water  be 
drawn  so  low  as  to  uncover  the  swamp  bottom,  would  furnish  an 
added  attraction  to  these  beautiful  villages. 

I  have  no  doubt  that  this  great  artificial  lake  could  be  made 
such  an  attractive  feature  in  the  landscape  that  summer  cottagers 
would  seek  its  shores  as  they  do  the  shores  of  Canada  Lake  near 
Gloversville,  or  the  shores  of  Sebago  Lake  in  Maine,  or  Lake 
Winnepiscogee  in  New  Hampshire,  both  of  which  have  dams  at 
their  outlets  and  serve  as  storage  reservoirs  for  water  power. 
Sebago  is  about  25  per  cent,  larger  than  the  proposed  Sacandaga 
lake,  has  about  half  its  drainage  area,  and  its  extreme  rise  and  fall 
under  storage  control  is  about  10  feet. 

In  Lidian  Lake  reservoir,  built  by  a  corporation  imderstood  to 
comprise  in  part  the  same  interests  that  now  seek  control  of  the 
Sacandaga,  we  have  an  example  of  methods  of  clearing  a  reser- 
voir bed  that  were  regarded  by  the  power  interests  as  satisfactory 
and  were  a  vasrt  improvement  over  earlier  methods;  yet  the  pro- 
truding stumps  of  this  reservoir  bed  are  a  menace  to  the  safety 
of  pleasure  boating,  and  in  general  appearance  when  partially 
empty,  the  bed  and  margins  of  Indian  Lake  are  a  wretched  fail- 
ure in  comparison  with  what  might  be. 
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Early  action  by  the  State  is  required  leet  diis  most  favorable 
of  all  present  opportunities  for  the  development  of  a  great  power 
by  the  State  for  public  use  noar  populous  communities  be  losL 

The  Immediate  Project  of  Peivate  Devei^pment. 

The  immediate  purpose  of  the  Sacandaga  development  pro- 
posed by  the  Hudson  Eiver  Electric  Power  Company,  which  haa 
been  in  part  set  forth  in  a  recent  application  to  the  State  Public 
Service  Commission  for  authority  to  make  a  bond  issue  for  pu^ 
poses  of  construction,  is  to  build  a  timber  dam  about  20  feet  high 
about  four  miles  farther  up  the  stream  than  the  best  dam  site. 
This  location  is  adopted  in  order  to  avoid  flooding  small  pieces 
of  State  land  comprised  in  the  Forest  Preserve.  The  dam  is  to 
be  kept  low  to  avoid  flooding  itiie  railroad  which  runs  from 
Glovorsville  to  Xorthville. 

It  is  proposed  for  an  indefinite  period  to  use  the  stored  water 
solely  for  increasing  the  flow  of  the  Hudson  at  the  present  mill 
and  power  sites  all  the  way  along  from  Palmers  Falls  to  Mo" 
chanicville,  in  time  of  drought. 

For  this  purpose  the  sluice  gates  at  the  proposed  dam  would 
probably  remain  closed  during  the  storage  months,  from  December 
to  May  or  June  inclusive,  and  would  be  opened  only  for  a  total 
of  about  100  days,  mostly  in  July,  August  and  September,  hint 
sometimes  also  opened  in  case  of  a  winter  drought,  thus  treating 
this  storage  somewhat  according  to  the  methods  now  followed  at 
Indian  Lake. 

No  prospect  of  founding  a  new  industrial  commimity  is  pre- 
sented in  this  private  development. 

Under  the  Company's  plans  it  is  proposed  to  develop  at  some 
future  time  a  power-house  on  the  outlet  from  the  proposed  Sacan- 
daga reservoir,  by  means  of  a  secondary  dam,  located  some  three 
miks  westerly  from  Hadley  and  imder  conditions  whereby  only 
about  half  as  great  a  fall  would  be  obtained  as  under  the  plans 
which  I  have  submitted  for  State  development.  This  electrical 
power  so  developed  would  presumably  nearly  all  be  transmitted  to 
Albany  and  other  cities  for  lease  to  public  service  corporations, 
or  for  taking  the  place  of  power  otherw^ise  generated  from  ooaL 
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In  other  words,  the  principal  effect  of  this  second  and  final 
stage  of  this  private  development  would  be  to  use  this  water 
power  for  replacing  power  already  developed,  whereas  if  developed 
under  State  control  it  is  proposed  that  preference  should  be  given, 
by  favoring  rates,  to  the  local  development  of  new  industries  and 
to  the  founding  of  one  or  more  new  industrial  communities,  thus 
adding  far  more  to  the  taxable  resources  of  the  State.  The  State 
projecrti  being  on  a  larger  scale,  the  ultimate  population  set  at 
work  by  the  Sacandaga  water  could  be  of  more  benefit  to  the 
State. 

Safety  of  Tsmfo&aby  Sacai^aga  Dam  Psoposed  by  Hudson 
RivEB  Power  Owners. 

It  is  worthy  of  consideration  in  connection  with  a  proposal  to 
build  a  temporary,  timber  overfall-dam,  that  the  river  bed  at 
Conklingville  and  below  and  probably  all  along  for  some  miles, 
runs  over  a  buried  gorge  filled  more  than  a  hundred  feet  deep 
with  sand,  and  that  this  condition  in  view  of  the  volume  stored, 
demands  very  great  precautions  in  type  and  foundattion  of  the 
main  dam.  I  see  no  reason  yet  to  doubt  the  possibility  of  building 
a  safe  dam,  but  it  cannot  properly  be  a  cheap  type  of  dam.  The 
United  States  Census  Report  of  1880  calls  attention  ito  the  re- 
peated carrying  out  of  dams  on  the  Sacandaga  between  Conkling- 
ville and  Hadley,  because  of  the  sand  foundation,  and  of  all 
the  various  dams  and  water  power  developments  that  have  in  times 
past  existed  along  this  stream,  only  one  remains,  and  that  is 
broken  out  at  one  end. 

Genesee  Stobaqe  and  Power  Increase. 

The  second  study,  undertaken  at  the  request  of  the  county 
supervisors  of  Monroe  coimty,  relating  to  the  building  of  a  great 
storage  reservoir  on  the  Genesee  above  Portage,  partly  for  the 
purpose  of  flood  control,  partly  for  power,  where  it  is  found  that 
a  dam,  power-house  and  all  appurtenant  works  can  be  built  en- 
tirely outside  the  limits  of  the  park  presented  to  the  State  by  Mr. 
Letchwortfa,  and  without  substantial  injury  to  its  scenic  beauty. 

It  appears  that  after  reserving  for  scenic  purposes  at  the  Genesee 
Falls  a  volume  greater  than  the  present  midsummer  fliow^  tha 
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water  stored  in  this  great  reservoir  in  the  flood  season,  could 
generate  power  for  electrical  transmission  sufficient  to  deliver 
about  32,000  24-hoiir  7-day  horse  power  throughout  the  year,  or 
about  80,000  horse  power  if  concentrated  during  ordinary  work- 
ing hours  with  a  40  per  cent,  load  factor,  at  Bochester,  Mt  Morris 
and  other  localities  in  that  part  of  the  State,  or  for  establishing 
a  new  industrial  center  in  the  neighborhood  of  the  power-house, 
beside  adding  at  the  several  water  plants  now  in  operation  within 
the  city  of  Rochester,  an  average  of  about  8,700  24-hour  7-day 
horse  power,  or  about  22,000  horse  power  if  used  in  ordinaiy 
working  hours  under  a  40  per  cent,  load  factor  during  the  six  dry 
months  of  the  average  year.  In  the  drj'est  month  it  would  in  all 
add  to  them  an  average  of  about  13,500  of  24rhour  7-day  horse 
power. 

If  the  dam  were  built  and  the  power-house  with  its  long  tunnel 
and  other  expensive  structures  delayed  for  some  years,  and  the 
reservoir  used  meanwhile  solely  for  reinforcing  the  low  water 
flow  at  Rochester  for  purposes  of  power  development,  sewage 
dilution  and  flood  control,  it  would  add  in  the  dryest  month  of 
the  average  year  nearly  32,000  horse  power  of  34-hour  power  at 
the  existing  developed  power  sites,  and  the  average  addition  du^ 
ing  the  six  dry  months  of  the  average  year  would  be  nearly  20,000 
horse  power  of  24-hour  power,  which  if  used  mainly  in  working 
hours,  or  under  40  per  cent,  load  factor,  would  add  about  50,000 
horse  power. 

Peomisixq  Sites  Xot  Yet  Studied. 

Elsewhere  than  upon  the  Sacandaga  and  the  Genesee,  there 
are  many  inviting  opportunities  for  investigations.  The  sites 
for  water  storage  for  power  upon  the  Eaquette  river,  the  Black 
river,  the  Oswego  river  and  certain  other  Adirondack  streams  give 
promise  of  developments  that  would  add  greatly  to  the  resources  of 
the  State,  and  the  Sacandaga  is  f»nly  one  of  several  great  reservoir 
sites  on  the  Hudson  which  are  each  well  worthy  of  development 
for  increasing  the  pr>wer  at  the  present  dams,  all  the  way  from 
Palmer  s  Falls  to  Troy.  At  the  heads  of  the  "  Finger  Lakes  "  and 
on  the  tributaries  of  the  Delaware,  there  are  said  to  be  opportuni- 
ties well  worth  investigating. 
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Possible  Better  Use  of  the  Xiagaea  Resources. 

Niagara,  too,  offers  a  most  important  field  for  further  investi- 
gation. While  for  the  time  being  a  halt  has  been  called  in  the  di- 
version of  water  from  Niagara,  the  Canadian  power  movement  ap- 
pears to  be  gaining  such  strength  and  to  be  obtaining  such  a  hold 
on  public  sentiment,  that  it  is  not  improbable  that  further  de- 
velopments will  come,  and  that  each  further  diversion  for  power 
upon  the  Canadian  side  will  prompt  a  corresponding  diversion 
upon  the  American  side. 

It  is  proper  that  the  people  of  New  York  should  have  available 
for  reference  a  broad  impartial  study  of  the  Niagara  situation, 
with  designs  for  obtaining  the  utmost  value  from  each  gallon  of 
water  diverted  and  for  combining  benefits  to  navigation  with 
benefits  from  power  transmission,  rather  than  that  projects  of 
further  development  should  be  left  wholly  to  questions  of  first 
cost,  or  to  convenience  or  caprice  of  private  parties,  or  that  con- 
trol should  follow  the  chance  ownership  of  lands  along  the  line 
of  development. 

At  certain  of  the  recent  Niagara  power  plants,  nearly  half  of 
the  total  fall  available  between  the  head  of  the  falls  and  Lewis- 
ton  is  wasted,  and  a  given  quantity  of  water,  therefore,  performs 
only  half  the  work  that  it  might  perform.  Under  commercial 
conditions,  it  has  been  necessary  to  obtain  the  quickest  p<^gsible 
return  for  the  smallest  immediate  outlay. 

A  reconnoissance  indicates  that  it  is  entirely  feasible  to  make 
all  further  power  developments  at  Niagara  part  of  a  more  com- 
prehensive plan  in  which  deep  draft  steamship  uavigation  on 
American  territory  should  be  provided  for  through  a  great  power 
canal  that  would  permit  the  water  for  power  to  be  utilized  under 
substantially  the  entire  fall  of  316  feet. 

This  can  be  worked  out  in  entire  harmony  with  and  bo  help- 
ful toward  the  development  of  the  proposed  deep  waterway  from 
the  great  lakes  to  the  ocean  by  way  of  the  Hudson  and  New  York 
citv. 
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DETAILS  OF  WORK  OF  1907. 


In  the  following  pages  the  work  and  the  results  outlined  in  the 
foregoing  pages  in  a  non-technical  way,  will  be  described  m^^c 
fully  from  the  technical  standpoint,  giving^  some  of  the  reasons 
that  governed  the  selection  of  the  specific  lines  of  study,  but 
stating  all  as  briefly  as  clearness  and  proper  record  for  the  use 
of  those  who  follow  in  the  work  will  allow. 

Scops  OF  Investigation. 

In  brief,  chapter  569  of  the  Laws  of  1907  directs  that  the  State 
Water  Supply  Commission  "  at  once  proceed  to  collect  informa- 
tion relating  to  the  water  powers  of  the  State,"  and  to  *'  devise 
plans  for  the  progressive  development  of  the  water  powers  of  the 
State  under  State  ownership,  control  and  maintenance,  for  th.* 
public  use  and  benefit  and  for  the  increase  of  the  public  revenue." 

Two  lines  of  inquiry  are  ordered,  the  first  relating  to  the  feasi- 
bility and  cost  of  specific  projects;  the  second  relating  to  the 
broad  general  subject  of  State  water  power  development,  includ- 
ing a  financial  plan  and  the  draft  of  a  bill  for  carrying  the  final 
recommendations  into  effect,  "  in  order  that  the  Legislature  and 
the  people  may  have  before  Ihcm  at  once  the  most  complete  and 
comprehensive  statement  of  the  possibilities  of  the  water  power 
of  the  State." 

The  Commission  is  required  to  designate  which  work  of  de- 
velopment should  be  first  undertaken  and  which  thereafter. 

The  meaning  of  the  term  "  the  water  powers  of  the  State  "  is 
ambiguous.  In  a  broad  sense,  it  may  mean  all  undeveloped  power 
sites  within  the  borders  of  the  State,  or  in  a  more  restricted  sense 
may  mean  those  undeveloped  water  powers,  where  either  the  water 
rights,  or  the  site,  or  both,  are  now  o^vned  by  the  State.  From 
a  study  of  the  antecedents  of  the  bill,  there  can  be  no  doubt  that 
the  undeveloped  storage  reservoir  sites,  lying  within  the  State 
lands  of  the  Adirondack  Forest  Reserve,  and  available  for  increas- 
ing the  water  power  of  the  Hudson  river  were  also  included  under 
this  terra. 
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This  tct  ^o.  569j  1907,  also  provides  that  study  may  be  given 
to  plans  for  the  development  of  "  such  other  water  powera  "  m 
may  be  brought  to  the  attention  of  the  Commission  by  the  mayor 
of  a  city,  or  other  chief  mimicipal  offioer. 

That  a  good  degree  of  thoroughness  and  precision  was  conteta- 
plated  by  the  act  is  shown  by  the  specification  in  section  4  of  the 
act,  that  reservoir  storage  capacities  in  cubic  feet  be  ascertained, 
that  the  rainfall  recorded  on  tho  watershed  be  reported,  and  that 
maxlmiim  average  and  minimum  flow  of  the  stream  for  each 
month  of  the  year  at  any  proposed  dam^  be  ascertained  in  cnbie 
feet  per  second*  The  act  moreover  calls  for  statements  of  the 
amount  of  power  tliat  could  be  developed,  the  probability  of  sell- 
ing it,  the  probable  gross  and  net  revenues,  the  cost  of  structure, 
lands  and  riparian  rights,  etc.,  and  in  section  8,  it  is  specified 
that  "All  final  surveys,  plans  map%  calculations  and  eitimatea 
made  pursuant  to  the  provisions  of  this  act  shall  be  made  with  the 
same  accuracy  that  would  be  requisite  if  the  work  and  project  so 
surveyed  had  been  ordered  to  be  done."  So  far  as  this  work  has  yet 
been  carried,  I  have  sought  to  comply  with  this  specification. 

For  carrying  out  the  investigations  thus  specified,  tho  sum  of 
$35jOOO  was  appropriated,  and  a  date  was  suggested  for  presenta- 
tion of  the  final  report  only  eighteen  months  subsequent  to  the 
date  when  the  bill  became  a  law* 

For  such  broad  scope  and  great  thoroughness  as  are  thus  speci- 
fied in  the  act,  the  appropriation  was  insufficient  and  the  time  too 
short.  The  entire  appropriation  and  the  entire  time  allowed  are 
smaller  than  I  have  sometimes  found  it  necessary  to  expend  on 
the  surveys  and  studies  for  a  single  project  of  water  power 
development  before  those  financially  interc>sted  were  ready  to 
decide  upon  actual  construction. 

Stream  gagings,  test  pits,  borings  and  accurate  surveys  ara 
all  very  expensive  and  without  them  the  quantity  of  water  power 
and  the  cost  of  reservoir  building  cannot  be  accurately  foretold* 

Therefore,  my  first  work  was  to  review  the  field  with  much 
care  and  to  sc4ect  a  small  portion  of  the  work  evidently  contem- 
plated by  the  legislative  act,  such  that  while  complying  in  thoi^ 
oughness  of  investigation  with  the  plain  requirement  of  the  law 
as  far  as  the  appropriation  would   allow,  and  keeping  strictly 
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within  its  limts  of  time  and  funds,  the  facts  learned  would  best 
illustrate  the  general  subject  and  present  to  the  Legislature  and 
to  the  people  of  the  State  in  the  progress  report  specified  for 
February  1,  1908,  the  greatest  possible  amount  of  information 
upon  the  possibilities  of  water  power  development  under  State 
control. 

It  has  seemed  best  to  carry  on  this  work  of  investigation  vigor 
ously  while  the  funds  lasted  and  thus  to  3ecure  for  presentation  a 
year  earlier  than  otherwise,  the  important  facts  regarding  two 
or  three  of  the  subjects  of  greatest  interest. 

Antecedents  of  the  Fuller  Bill. 

In  deciding  upon  the  precise  scope  of  the  work  to  be  first  un- 
dertaken, it  appeared  necessary  to  consider  a  little  the  history  of 
events  leading  to  the  legislative  act  under  which  we  were  working. 

In  the  message  of  Governor  Hughes,  presented  to  the  Legisla- 
lature  on  January  2,  1907,  under  the  topic  Forest  Preserves  and 
Water  Powers,  after  speaking  of  the  further  acquiring  of  forest 
tracts,  he  said: 

"  In  this  connection  it  is  well  to  consider  the  great  value 
of  the  Water  Powers  thus  placed  under  State  control.  They 
should  be  preserved  and  held  for  the  benefit  of  all  the  people 
and  should  not  be  surrendered  to  private  interests.  It  would 
bo  difficult  to  exaggerate  the  advantages  which  may  ulti- 
mately accrue  from  these  great  resources  of  power  if  the 
common  right  is  duly  safeguarded." 

lie  said  further,  in  relation  to  the  work  of  the  State  Water 
Supply  Coniniission: 

"  It  remains  to  be  considennl  whether  it  is  not  advisable 
to  provide  a  more  comprehensive  ])lan  embracing  in  a  clearly 
defined  way  tlie  matter  of  water  ?t()ra«2:e  and  the  use  of  water 
courses  for  ])urposcs  of  power.  The  entire  question  of  the 
relation  of  the  State  to  its  waters  demands  more  careful 
attention  than  it  has  hitherto  received,  in  order  that  there 
may  l>e  an  adequate  scheme  of  just  regulations  for  the  public 
benefit." 
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The  response  of  the  Legislature  to  this  suggestion  by  the  Gov- 
ernor, and  to  the  protests  urged  by  the  Association  for  the  Preser- 
vation of  the  Adirondaeks  against  indiscriminate  reservoir  con- 
struction, is  found  in  the  Fuller  Bill. 

This  Hudson's  Ibbegulab  Flow,  and  the  Adieondack  Storage 

Possibilities. 

It  has  long  been  recognized  that  the  magnificent  water  power 
sites  along  the  upper  Hudson  river  at  Hadley,  Palmer's  Falls, 
Glens  Falls,  Fort  Edward,  Sandy  Hill  and  Mechanicville,  all  fall 
far  short  of  their  possible  utility  by  reason  of  the  extremely  small 
flow  of  the  river  during  the  droughts  of  summer,  and  its  small 
flow  when  the  brooks  that  feed,  the  river  are  icebound. 

This  undesirable  irregularity  in  flow  of  the  Hudson  and  certain 
other  streams  of  Northern  New  York,  has  retarded  their  employ- 
ment in  the  finer  and  more  expensive  mechanical  processes  such 
as  textile  manufacture  and  the  other  uses  found  along  the  Merri- 
mac  and  other  New  England  streams  where  storage  has  more 
generally  been  provided,  and  which  finer  manufacturing  processes 
attract  and  support  much  larger  industrial  populations  per  horse 
power  than  the  processes  of  pulp  grinding  and  paper  making, 
for  which  the  Hudson  water  power  continues  to  be  chiefly  used. 
Perhaps  in  the  long  run  even  the  paper  industry  cannot  hold  its 
own  in  this  locality  against  the  lessening  supply  of  pulp  wood 
within  convenient  reach,  if  continuing  handicapped  by  irregular 
power,  or  by  the  cost  of  making  the  supply  of  power  regular  by 
means  of  steam. 

Storage  reservoirs  on  the  Hudson's  head  waters,  supplying 
more  uniform  flow  of  water  at  the  present  industrial  centers  will 
surely  add  to  their  present  development,  and  will  in  time  tend  to 
bring  in  new  uses,  supporting  larger  populations. 

Until  about  twenty-five  years  ago  lumbering  had  been  the 
chief  industry  that  called  for  water  development  on  the  Hudson 
above  Troy;  and  sawmills  require  cheap  j)ower  and  cannot  afford 
large  expenditures  per  horse  power  in  power  development.  Pulp 
mills,  which  followed,  are  but  a  refinement  of  lumbering,  and  also 
call  for  cheap  power;   and  so  until  recent  years  the  ^ko.  fot 
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storage  reservoirs  has  been  based  largely  on  the  ground  of  the 
improvement  in  navigation  that  it  was  believed  would  resolt  from 
reservoir  building. 

Review  of  Previous  Investigations. 
While  organizing  our  survey  parties  and  planning  their  work,  a 
review  was  made  of  all  previously  published  reports  that  it  was 
thought  were  likely  1o  present  information  useful  in  the  present 
investigation.  A  brief  abstract  of  the  data  found  in  these  reports 
that  are  of  special  interest  in  the  present  study,  is  given  below, 
both  for  data  itself  and  for  tho  purpose  of  making  the  reasons 
for  our  present  lines  of  enquiry  more  clear.  It  appears  to  be  a 
popular  belief  that  most  of  the  possible  Adirondack  reservoir  sites 
have  been  already  studied  with  a  fair  degree  of  thoroughness. 

The  McEleoy  Report  of  1867. 

The  report  made  to  the  X.  Y.  Canal  Board  relating  to  a 
survey  of  the  Hudson  river  to  Fort  Edward,  etc,  and  trans- 
mitted to  the  Senate,  February  15,  1867,  contains  many  interest- 
ing facts  R'garding  possible  improvements  for  the  benefit  of  the 
navigation  of  the  upper  Hudson  and  some  brief  allusions  to  the 
water  power  that  could  be  gained  incidentally  thereto,  but  it  is 
plain  that  the  attention  at  that  time  was  focussed  mainly  upon 
navigation,  and  w<'  find  little  data  on  storage  or  power  develop- 
ment in  this  report  which  has  not  been  replaced  by  later  and  more 
complete  infonnation.  Mr.  McElroy  called  attention  to  the  great 
damage  along  the  Hudson  from  floods  and  recommended  surveys 
for  storage  reservoirs  for  flood  relief  and  In'iofly  called  attention 
to  their  value  for  water  power. 

Adiroxdack  Storagk  Keport  of  1874. 

In  tho  annual  iv'port  of  the  Canal  Comniii^sioners  of  the  State 
of  Xew  York  for  the  fiscal  year  ending  September  30,  1874  (p. 
83),  Farrand  N.  Eenediet,  C.  E.,  foruierly  professor  of  mathe- 
matics and  engineering  in  the  I^niversity  of  Vermont,  acting 
under  authority  of  legislative  act  of  April,  1874,  presented  a  very 
interesting  report  upon  the  regulation  of  the  flow  of  the  Hudson 
by  means  of  great  storage  reservoirs  proposed  to  be  constructed 
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in  the  Adirondacksy  and  presented  brief  descriptions  and  rough 
estimates  of  cost  of  developing  these  very  remarkable  sites. 

He  describes  the  survey  as  made  "  with  reference  to  increasing 
the  supply  of  water  for  the  Champlain  canal  and  improving  the 
navigation  of  the  Hudson  river." 

Prof.  Benedict  describes  his  '^  survey  "  as  "  more  properly  a 
reconnoissance,"  and  a  study  of  his  report  shows  plainly  that  it 
was  hurried  and  was  very  far  from  exhaustive  or  complete.  The 
extent  of  the  work  by  the  parties  under  his  supervsion  was  mainly 
confined  to  visiting  each  of  the  considerable  Adirondack  lakes,  so 
far  as  time  allowed ;  selecting  by  surface  inspection  the  most  elig- 
ible sites  for  dams,  determining  by  hasty  methods  the  area  of  those 
lakes  which  it  was  proposed  to  utilize  for  storage,  to  measuring 
the  height  and  width  of  the  cross-section  of  the  valley  at  the 
proposed  dam  sites,  and  to  running  a  few  lines  of  levels  connect- 
ing with  levels  previously  run  for  railroad  or  other  purposes,  in 
order  to  determine  the  elevation  and  flow  line  of  some  of  the 
proposed  reservoirs.  He  compiled  data  from  sundry  previous 
surveys  and  says  that  his  work  was  greatly  facilitated  by  previous 
familiarity  with  the  region,  without  which  he  could  not  have 
covered  nearly  so  much  ground  with  the  time  and  means  at  his 
disposal. 

His  proposed  dams  were  to  be  of  log  cribs  packed  with  stone 
without  cement,  of  about  the  same  general  type  as  commonly 
built  by  lumbermen,  and  were  of  a  design  far  cheaper  and  far 
less  durable  than  would  today  be  demanded,  particularly  in  work 
to  be  built  by  the  State.  His  approximation  from  scant  data  to 
the  annual  depth  of  rainfall  and  runoff  available  for  filling  these 
reservoirs  was  shown  by  the  more  complete  later  records  to  have 
been  much  too  large. 

Prof.  Benedict  recommended  cutting  the  timber  on  the  reservoir 
sites  before  flooding,  but  in  those  days  apparently  little  thought 
was  given  to  such  thorough  clearing  of  the  reservoir  sites  by  re- 
moving dead  timber  and  stumps  as  the  public  interest  now  de- 
mands, and  no  recommendation  was  made  for  preserving  sanitary 
and  cheerful  conditions  by  reserving  a  depth  below  the  drain 
gate  level  suflScient  to  keep  any  swampy  portions  of  the  bed  of  tK^ 
basin  alwajs  covered  by  water. 
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It  may  be  regarded  as  on  the  whole  fortunate  for  the  public 
that  no  authority  was  given  for  construction  on  these  crude  plaM 
and  according  to  the  standards  of  those  early  days,  and  fortunate 
that  but  a  small  amount  of  large  reservoir  construction  was  unde^ 
taken  in  the  years  immediately  following  this  report  and  before 
public  sentiment  had  been  aroused  against  the  old  time  methods 
of  reservoir  building  in  the  forest. ' 

Considering  the  brief  time  and  scant  fimds  at  his  disposal  Prof. 
Benedict  collected  a  large  amount  of  verj'  interesting  information 
He  says  in  his  report:  **  To  make  these  determinations  satis- 
factorily demanded  an  amount  of  time  and  means  far  beyond  that 
authorized  by  the  act  of  the  Legislature;"  and  he  also  says  of  his 
work  of  demonstrating  these  great  opportunities  for  water  storage, 
that  ^'  he  had  confidence  that  enough  of  the  aubject  could  be  de- 
veloped to  show  its  vital  importance  and  its  true  relation  to  the 
public  interests." 

A  table  summarizing  the  results  of  Prof.  Benedict's  investiga- 
tion on  the  Hudson  headwaters  above  Indian  river  is  presented 
on  the  following  page.  In  reviewing  this,  it  should  be  borne  in 
mind  that  he  found  part  of  his  estimated  storage  for  increasing 
the  flow  of  the  Hudson  river  by  diverting  into  the  Hudson  drain- 
age water  naturally  tributary  to  tlie  Raquctte  river,  in  a  way 
that  would  not  be  feasible  in  view  of  the  present  large  water 
power  developments  upon  the  Raquette. 

From  all  of  these  28  ponds  above  Indian  river,  he  estimated 
only  about  18.4  billion  cubic  feet  of  storage,  including  about  12 
billion  cubic  feet  proposed  to  be  diverted  from  .the  Raquette  into 
the  Hudson.  .1//  of  Iho.sr  proposed  hij  Prof.  Bcn<!dici  on  ihc 
Hudson  above  Indian  Hirer  rjivc  only  ahout  6  hillion  cubic  feel. 

Xote  the  small  depth  of  most  of  the  reservoirs  and  the  small 
cost  estimated  for  the  several  dams  in  the  following  table. 

It  should  also  be  noted  that  the  Benedict  reservoirs  reported 
in  the  followinir,  all  lie  upstream  from  Indian  river,  and  that 
the  reservoirs  report(  d  upon  by  ^[r.  Rafter  in  1895—6,  all  lie  on 
tributaries  enteriuf]^  below  Indian  river. 

Prof.  Renediet  also  submitted  S(»me  notes  on  reservoir  sites 
below  Indian  river,  i)articularly  within  the  Schroon  drainage, 
which  are  not  reproduced  here  because  data  on  these  appears  more 
fully  given  in  the  Rafter  repoTl  oi  \^S^;^. 
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Remarks  ox  Pbecsduto  Table* 
(From  Census  Report.) 

Blue  Mountain  Lake. —  Reeervoir  Includes  the  three  lakes,  Utoiruia,  Ekgle,  and 
Blue  Mountain;  lies  naturally  In  Raquette  Basin,  bat  Tfa  Lonf  lake  eaa  be  dl* 
rerted  to  the  upper  Hudson.  Estimated  that  winter  and  qpciiic  dralmage  wonld 
fill  reservoir  1.87  time. 

Raquette  lAih*'. — Waters  proposed  to  be  diverted  from  Raqnette  rlrer  to  Hudson. 
Estimated  that  winter  and  spring  drainage  will  fill  reservoir  1.91  time. 

Forked  Lake, — Waters  to  l>e  diverted  from  Ilaqoette  to  Hadaoo.  Estimated 
that   winter  and  spring  drainage  will  fill   reservoir  3.6  tfmta. 

Jfeach'8  Lake. —  Tributary  to  Forked  lake.  Estimated  that  winter  and  sprlnr 
drainage  will  fill    reservoir  1.88  limo. 

Long  Lake. —  This  Inke  iiaturnlly  drains  through  the  Raqnette  river,  but,  by 
cutting  a  canal  across  a  low  divide,  can  be  connected  with  Round  pond,  and  thus 
be  made  tributary  to  the  Hudson.  Estimated  cost  of  bnlkhead,  canal,  and  outlet 
through  slough  at  foot  of  lake,  $154,000.  Eatlmated  that  winter  and  spring 
drainage  will  fill  reser^-olr  1.05C  time. 

Round  Pond. —  From  Round  poud  to  Catlln  lake  there  is  a  fall  of  35  feet  In 
about  4.000  feet. 

CatHn  Lake. —  Estimated  that  winter  and  spring  drainage  will  fill  reservoir 
2.1  times. 

Rich  Lake. —  Northern  shore  heavily  wooded;  southern  cleared.  Outlet  narrow 
and  rocky,  with  bold  shores.  Proposed  dam  would  flow  about  200  acres  of  Im- 
proved land. 

Harrin  Lake. —  Estimated  that  winter  and  spring  drainage  will  fill  Rich  lake 
and  Harris  lake  reservoirs  about  3  times.  Hnrrls  lake  is  the  lowest  member  of 
a  chain  composed  of  these  lakes  mentioned  above. 

Lak^.  Henderson  and  Netccomh  Lake. —  Estimated  that  winter  and  apring  drainage 
will  fill  reservoir  3..5  times.  This  lake  Is  surrounded  by  high  mountains  on  every 
aide  except  the  east. 

Lover  Works  Riservoir. —  Estimated  that  winter  and  spring  drainage  will  All 
reser>'oIr  2.4  times.  Advantages  for  dam  not  so  good  as  at  some  of  the  other 
sites.     Includes  Lake  Sanford. 

Chain  Lakes. —  Estlmnteil  Hint  winter  and  spring  drainage  will  fill  reaervolr' 5 
per  cent,  of  filling  the  reservoir. 

Ooodtmow  Pfmd. —  U«»s(*rv<)ir  to  be  fnmuMl  by  djim  on  Goodenow  river.  Esti- 
mated  that  winter  and   sprlnp  drnlnnpe  will   fill  reservoir  4.13  times. 

Coodfnow  River  Rrst^roir. —  Reservoir  to  bo  formed  by  dam  on  Goodenow  river. 
Estimated  that  winter  and  spring  drninaajje  will   fill  reservoir  1.72  tlm«. 

Iftottth  Pond,  Clear  Pond  and  Slim   Pond. —  Dniln   to  Long  lake. 

Ackermnn  Pond. —  Tributary  to  C.Ttlln  chain  of  lakes. 

Perch  Pond.  Trout  Pond,  Lake  JIarknrsM. —  Drain  through  central  or  mountain 
branch  of  Hudson. 

Fhedd  Lake,  First  Sergeant  Pond  and  Third  Sergrant  Pond. —  Drain  to  Raquette 
lake. 

Plumleu  Pond,  ^foses  Pond,  Cart;  Pond. —  Drain  to  Forked  lake. 


Umted  States  Ckxsus  Keport  ox  Xkw  York  Water  Powers. 

An  excellent  report  ii])on  the  water  powers  of  New  York  and 
tlio.so  of  the  ITiuls(»n  river  in  particular,  prepared  by  Dwight 
Poi-ter,  now  professor  of  hydraulic  en<};ineering  at  the  Massa- 
chusetts Institute  of  Technology,  is  found  in  a  special  volume  of 
the  United  States  Census  of  1880  relating  to  the  water  power 
of  the  T^nited  States,  page  340,  ei  scq. 

This  report,  though  nominally  hearing  date  of  1880,  was  not 
completed  until  some  years  later.  It  presents  a  very  full  descrip- 
tion of  the  several  power  sites  as  developed  in  1882,  with  esti- 
mates of  the  total  power  available  at  each  under  various  condi- 
tions, and  also  an  abstract  of  Prof.  Benedict's  report  on  the  in- 
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crease  of  river  flow  to  be  gained  from  the  construction  of  storage 
reservoirs  in  the  Adirondacks. 

It  is  of  present  interest  to  note  the  attitude  regarding  the  con- 
struction of  storage  reservoirs  at  that  time,  described  as  follows 
in  page  348  of  the  Census  Report: 

"  Although  the  building  of  resen^oirs  in  the  upper  waters 
would  benefit  all  the  hydraulic  powers  on  the  course  of  the 
.  river  below,  it  does  not  seem  probable  that  their  constructicfti 
will  be  attempted  by  private  capital.  The  mill  owners  con- 
sidered that  the  State  would  receive  as  much  advantage  from 
reservoirs  by  reason  of  the  improvements  of  low  water  navi- 
gation below  Troy  as  any  private  interest  would  receive  and 
are  not  disposed  to  invest  their  own  capital  in  such  enter- 
prises, so  long  as  there  is  a  possibility  that  they  may  be  under- 
taken as  public  works." 

One  specially  interesting  statement  in  Prof.  Porter's  Census 
report  regarding  the  low  water  flow  of  the  Hudson  (p.  346)  given 
on  the  authority  of  Mr.  Warren  Curtis,  than  whom  no  man  is 
better  informed  on  Hudson  river  matters  in  general,  is  that  at 
Palmer's  Palls  the  flow  for  one  or  two  months  in  the  year  some- 
times falls  as  low  as  200  to  250  cubic  feet  per  second.  This 
would  be  a  little  less  than  0.10  cubic  feet  per  second  per  square 
mile,  or  about  the  same  as  we  found  for  the  watershed  above 
Indian  river  near  the  end  of  the  August  drought  in  1907,  or 
about  the  same  that  we  found  for  the  entire  Sacandaga  at  that 
time.  This  is,  however,  far  smaller  than  anything  found  in  the 
more  recent  gagings  recorded  for  Fort  Edward  and  Mechanicville. 

Since  the  recorded  flow  at  ^lechanicville  in  low  water,  as  pub- 
lished from  year  to  year  in  the  reports  of  the  TJ.  S.  Geological 
Survey  and  of  the  New  York  State  Engineer,  is  much  larger 
than  I  should  expect  from  a  drainage  area  of  this  character 
and  area,  the  following  quotation  is  presented  for  its  caution  and 
as  a  reason  for  measuring  the  flow  at  various  points  on  the  main 
river  carefully  by  independent  means  whenever  there  is  another 
severe  drought  and  at  the  same  time  making  note  of  the  stored 
water  being  released  from  Indian  lake  and  Schroon  lake  or  from 
lumbermen's  reservoirs. 
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AVatcr  Power,  V.  S.  Coilsus,  iJsjss,  vol.  IG,  Part  I,  p.  346: 

'*At  Palmer's  Falls,  there  is  a  favorable  opportunity  for 
determining  the  low  water  discharge,  and  observations  have 
been  made  at  various  times  by  Mr.  Warren  Curtis,  Superin- 
tendent of  the  Hudson  River  Pulp  and  Paper  Co.  Mr. 
Curtis  states  that  the  average  low  flow  at  that  place  for,  say, 
the  four  months  of  least  volume  is  not  far  from  400  or  500 
cubic  foi^t  per  second,  and  that  for  one  or  two  months  it  ia 
not  more  than  200  to  250  cubic  feet  per  second.  October  28, 
1882,  a  measurement  was  made  which  indicated  a  discharge 
of  about  390  cubic  feet  per  second." 

Although  I  incline  to  the  opinion  that  the  Mechanicville  record 
in  time  of  drought  gives  too  large  a  quantity,  I  regard  the  above 
estimate  as  surely  too  small,  but  it  serves  in  urging  the  need  of 
additional  precise  gagings. 

At  the  beginning  of  the  present  investigation  in  August,  1907, 
it  was  intended  to  take  these  Census  tables  of  1882  and  the 
Rafter  tables  of  1895  as  a  starting  point  and  bring  the  statistics 
of  water  power  for  Xew  York  in  general  and  the  Hudson,  Genesee 
and  Raquetto  rivers  in  particular  up  to  date,  presenting  for  each 
site  detailed  estimates  of  the  power  that  could  be  gained  by  stor- 
age development.  It  was  proposed  also  to  resun^ey  portions  of 
the  profile  of  tho  Hudson  where  power  is  not  yet  developed  from 
the  fall.  The  only  progress  so  far  made  upon  this  has  been  to 
collect  some  data  showing  the  increasing  development  of  power 
from  year  to  year  and  relating  to  the  turbines  now  in  use  upon 
the  Hudson  and  Genesee  rivers  and  giving  the  falls  under  which 
these  turbines  work,  and  the  total  flow  that  can  be  taken  through 
them,  all  as  set  forth  in  tables  on  the  following  pages. 

It  is  interesting  to  note  that  by  reason  of  the  large  number  of 
turbines  devoted  to  suj)plying  power  for  grinding  wood  pulp,  a 
greater  profitable  use  of  irngular  power,  or  power'  which  can  be 
relied  on  during  only  a  few  months  of  the  y4/ar,  is  possible  here  at 
many  ()f  these  Hudson  river  plants  than  would  be  economical  in 
most  other  lines  of  manufacture. 

The  use  of  power  throughout  the  2  1:  hours  of  the  day  at  a 
uniform  rate,  prevails  to  an  uncommonly  large  extent  at  these 
Hudson  river  power  developments.  This  is  a  result  of  the  power 
being  so  largely  devoted  to  paper  nvaTLwi^LeVwte. 
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For  purpose  of  comparison  and  checking  and  for  showing  recent 
growth,  the  estimates  of  total  horsepower  developed  at  each  site 
in  1899  has  been  copied  in  parallel  column  from  Mr.  Rafter's  table 
in  New  York  Hydrology,  published  by  the  New  York  State  Edu- 
cation Department  in  1905. 

From  this  comparison  it  appears  that  during  the  past  nine 
years  an  addition  of  50,000  horse  power  of  turbine  capacity  has 
been  made  available  for  use  in  the  months  when  water  is  plenty, 
thus  more  than  doubling  the  turbine  capacity  of  nine  years  ago, 
and  that  aibout  6,000  horse  power  additional  is  to  be  installed 
soon. 

Mr.  Rafter  found  in  1895,  according  to  p.  150  of  State  En- 
gineer's report  for  that  year,  a  total  of  only  43,841  net  horse 
power  in  use  on  the  Hudson  at  Troy  and  above,  including  that  at 
Hadley  and  that  on  the  Schroon  and  Sacandaga.  The  amoimt 
comparable  with  the  totals  of  the  following  table  was  40,070  horse 
power. 

The  total  amount  found  by  Prof.  Porter  in  1882  at  all  develop- 
ments on  the  Hudson  and  its  tributaries  above  Troy  was  12,896. 

This  remarkable  increase  of  25  years  from  about  12,000  horse 
power  in  1882  to  4O,'0O0  horse  power  in  1899  and  98,000  in  1907, 
Tvith  6,000  horse  power  more  of  additions  in  immediate  prosi^ect, 
indicates  plainly  that  use  would  be  found  within  comparatively 
few  years  for  all  the  additions  that  could  be  had  from  the  storage 
of  the  Sacandaga  floods. 
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Uppee  Hudson  Storage  Report  op  1895. 

Under  chapter  599  of  the  Laws  of  1895,  a  survey  of  the  upper 
Hudson  was  provided  for  with  a  view  to  determining  what  lakes 
and  streams  could  be  improved  by  storage,  the  object  being  to 
provide  for: 

1.  The  enlargement  of  the  Champlain  canal. 

2.  For  restoring  water  equivalent  to  that  diverted  for  canal 
purposes. 

3.  For  improWng  the  navigation  of  the  Hudson  river. 

Another  object  which  although  not  mentioned  with  the  three 
above  was  perhaps  quite  as  important  in  the  minds  of  some  of 
those  interested  in  this  work,  was  that  of  adding  greatly  to  the 
water  pow<'r  of  the  several  mill  sites  on  the  Hudson,  all  the  way 
from  Hadley  to  !Meohanicville,  and  this  important  matter  receive*! 
due  treatment  in  the  report. 

These  surveys  of  1895  were  made  under  the  general  supervi- 
sion of  the  State  Engineer  and  the  Superintendent  of  Public 
AVorks,  and  the  report  is  included  in  the  volume  of  the  report  of 
the  State  Engineer  and  Surveyor  for  the  year  1895,  pages  87-195. 

The  work  was  in  the  immediate  charge  of  Mr.  George  W. 
Kafter,  Civil  Engineer,  an  engineer  of  much  experience  in  the 
study  of  hydrology  and  an  enthusiast  in  matters  relating  to  the 
regulation  of  stream  flow  by  storage  reservoirs  for  the  increase 
of  the  water  power  resources  of  the  State. 

It  is  fortunate  that  the  work  was  put  in  charge  of  one  who  so 
fully  appreciated  the  lack  of  precise  data  existing  at  that  time 
that  he  laid  a  foundation  for  our  more  complete  studies  of  today 
by  urging  immediate  co-operation  between  the  Xew  York  State 
Engineer  s  office  and  the  T'nited  States  Geological  Survey  for  an 
accurate  topogi'a])hic  survey  of  the  Sehroon  drainage.  The  prep- 
aration of  maps  of  that  region  was  followed  within  a  few  years 
by  fiimilar  maps  of  the  entire  Adirondack  region. 

In  liis  rop»rt  ^fr.  Kafter  presented  extensive  tables  and  hydro- 
graphs  of  the  flow  of  the  Hudson  river,  based  upon  the  daily 
rcK'ords  of  height  on  dam  and  turbine  run,  which  had  been  main- 
tained for  seven  years  previous  by  the  Duncan  Co.  at  its  dam 
and  paper  mill  at  Meelumievillc  and  he  had  otlKM*  gagings  begun  on 
the  Hudson  and  on  the  Sehroon. 
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The  funds  provided  at  that  time  were  utterly  insufficient  to  per- 
mit much  field  work  of  a  precise  or  detailed  character  in  the  study 
of  dam  sites  or  fiowage  lines,  but  it  appears  that  a  broad  general 
reconnoissance  was  made,  visiting  nearly  every  noteworthy  lake 
or  pond  upon  the  Hudson  head  waters.  Other  than  the  topo- 
graphic surveys  arranged  for  with  the  U.  S.  Geological  Survey 
by  the  State  paying  half  the  cost,  and  which  appear  to  have  ab- 
sorbed half  the  entire  appropriation,  the  new  surveys  in  detail 
for  this  storage  study  appear  to  have  comprised  only  the 
following: 

1.  A  line  of  levels  was  inin  from  which  a  water  power  profile 
of  the  Hudson  was  prepared,  covering  the  sixty-five  miles  from 
Glens  Falls  to  Xorth  River  village. 

2.  Surveys  and  studies  for  a  large  dam  at  TumWehead  Falls 
on  the  Schroon  river  and  for  another  dam  and  reservoir  at  Indian 
Lake  were  made  with  some  detail,  though  based  on  no  sufficient 
test  pits  or  borings.  The  outlines  of  Piseco  Lake  were  surveyed 
at  present  level  and  also  for  a  higher  flow  line. 

3.  Dam  sites  were  partially  explored  and  estimates  of  cost 
prepared,  on  Boreas  Pond,  Cheney  Pond,  Piseco  Lake,  at  Star- 
buckville,  at  Hadley  and  on  fifteen  sites  for  smaller  reservoirs 
tributary  to  the  Schroon. 

The  chief  conclusions  of  Mr.  Kaf ter  were : 

1.  That  by  constructing  a  reservoir  system  wholly  to  the  south 
*}{  the  Bouodiet  system  given  in  table  on  page  63,  having  a 
total  storage  volume  of  41,593,000,000  cubic  feet,  estimated  to 
cost  $2,606,559,  the  mean  monthly  flow  at  Glen  Falls-^with  the 
river  thus  regulated,  need  not  fall  below  3,000  to  3,600  cubic 
feet  per  second,  whereas  it  then  at  times  fell  as  low  as  900  cubic 
feet  per  second  under  natural  conditions. 

This  storage  volume  to  be  provided  was  equivalent  to  a  depth  of 
13.5  inches  of  run-off  on  the  entire  watershed  directly  controlled, 
of  which  about  1.5  inches  was  for  use  of  the  log  drivers. 

2.  He  fixed  upon  4,500  cubic  feet  per  second  flow  as  the  proper 
minimum  at  which  the  river  should  be  maintained,  for  reasons 
connected  with  the  navigation,  and  concluded  that  the  regulated 
floAv  with  the  proposed  total  storage  of  41,593  million  cubic  feet, 
would  maintain  at  all  times  not  less  than  4,500  cubic  feet  ^^t 
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Becond  of  24-hour  flow  at  Mechanlcville,  or  1.0  cubic  foot  per 
second  per  square  mile. 

3.  Mr.  Rafter  concluded  from  some  comparison  of  gage  heighta 
that  this  increase  in  flow,  due  to  storage,  would  increase  the  low 
water  depth  in  the  Hudson  river  at  Albany  about  1.5  feet. 

4.  !Mr.  Rafter  estimated  roughly  that  by  thua  regulating  the 
flow  through  storage  reservoirs,  the  maximum  possible  continuous 
power  of  the  Hudson  river,  if  each  fall  all  the  way  from  Troy  to 
North  River  village  was  developed,  would  be  increased  by  114,020 
horse  power  to  174,020  horse  power  twenty-four  hours  per  day, 
whereas  the  same  falls  under  present  conditions  would  yield  in 
time  of  low  water  only  60,000  horse  power.  He  thus  reckoned 
that  the  power  available  in  the  dryest  months  of  the  ordinary 
year  would  bo  increased  nearly  threefold. 

5.  Attention  was  eiilled  to  the  opportunity  for  a  large  suc- 
cession of  power  developments  of  moderate  size  along  the  upper 
Hudson  from  Thunuan  to  North  River  village,  the  river  having  a 
total  fall  of  450  feet  in  twenty-five  miles.  This  would  require 
tlic  rclocalinii  of  tlie  A(lir(>u<l:i<*k  railroad  higher  on  the  ?M»^ 
of  the  valley. 

G.  A  new  census  of  the  Hudson  river  power  developments  was 
presented,  showing  a  total  turbine  capacity  of  43,481  net  horse 
power,  a  most  rcniarkahlc  increase  from  the  12,894  found  by  the 
census  made  by  Prof.  Porter  in  1882. 

7.  Tt  was  suggested  that  during  the  season  while  storage  was 
accumulating,  a  constant  flow  equivalent  to  0.45  cubic  feet  per 
square  mile  of  drainage  was  to  be  left  flowing  in  the  streams, 
but  the  detailed  estimates  showing  just  how  this  was  to  be  done 
and  meanwhile  fill  these  very  large  reservoirs  are  not  presented 
in  the  report. 

On  a  close  analytic  study,  this  report  of  1895  is  found  to 
contain  very  far  from  com])lete  information  on  the  water  storage 
problem,  and  notliing  more  tlian  a  recounoissance  could  properly 
be  expected  from  so  small  an  appropriation. 

It  is  made  plain  in  the  report,  upon  close  study,  that  the 
above  estimate  of  cost  of  $2,000,5.^)0  for  41,593  million  cubic 
feet  of  storage  was  very  crude,  and  that  the  data  for  it  were  few. 
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Mr.  Rafter  also  called  attention  to  the  possible  opportunity 
for  a  great  reservoir  above  Conklingville,  by  the  erection  of  a 
dam  twenty  feet  high,  thinking  it  probable  4,000,000,000  cubic 
feet  of  storage  could  thereby  be  obtained,  but  said  as  there  was 
"  no  definite  data  at  hand  as  to  the  effect  of  twenty-five  feet  rise  on 
the  valley,  it  is  considered  best  on  the  whole  to  leave  this  reservoir 
for  the  present  out  of  the  account." 

The  chief  permanent  results  of  this  survey  of  1895  are: 

1.  The  earlier  securing  of  accurate  topographic  maps  of  the 
Adirondack  region. 

2.  The  publication  of  carefully  prepared  tables  of  the  daily 
flow  of  the  river. 

3.  The  securing  of  the  data  which  led  to  the  construction  of  the 
Indian  Lake  dam  in  1898. 

Incompleteness  of  Data  Secured  in  1895-6. 

Since  these  figures  upon  storage,  taken  from  the  reports  of 
1895  and  1896  have  been  often  quoted  without  making  plain  the 
scant  data  on  which  they  rest,  it  is  worth  while  to  briefly  show 
how  they  were  derived. 

For  ten  drainage  areas,  mostly  small  and  near  the  head  waters, 
it  was  assumed  in  the  absence  of  definite  surveys  but  after  some 
reconnoissance  in  the  field,  that  dams  at  the  lake  outlets  could 
be  built  sufficient  to  store  the  total  run-off  of  the  storage  months, 
December  to  May  inclusive,  in  the  minimum  year,  which  was 
estimated  as  equivalent  to  a  depth  of  13.5  inches  over  the  entire 
watershed. 

Taking  Mr.  Rafter's  data,  the  lakes  and  the  drainage  areas 
proposed  to  be  utilized  for  storage  are  as  follows : 

Pleasant  and  Sacandaga  lakes 45  square  miles 

Arietta  Flow 10  " 

Thirteenth  Pond 14  " 

Chain  Lakes  on  Rock  river 58  "  " 

Catlin 25  " 

I>akes  Rich,  Morris,  Newcomb  and  Qoodenow.  83  "  " 

Lake  Henderson 18  "         " 

Lake  Sanford  and  Tahawus ft!  ''         '" 
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C^dar  river 58  square  nuKa 

Sundry  small  areas  on  Sacandaga  with  definite 

data  lacking,  estimated  at 50       " 

Total 458       " 


If  the  yearly  flow  from  all  these  could  be  controlled  by  dam? 
so  as  to  store  the  depth  of  run-off  estimated  at  13.5  inches  over 
this  entire  area  of  45S  square  miles,  th^J  volume  would  be  equiva- 
lent to  458  X  5,2S0  x  5,280  x  Jf/  =14,364  million  cubic  feet. 

In  the  absence  of  definite  information,  3ilr.  Rafter  thought 
that  the  average  cost  of  all  of  this  storage  in  the  ten  areas  of 
lakes  given  above,  would  not  exceed  $76.48  per  million  cubic 
feet  stored.  This  $76.48  was  found  by  estimating  in  some  detail 
the  total  cost  for  a  series  of  sixteen  resenoirs  on  the  Schroon 
system  and  by  dividing  the  total  estimate  of  $1,172,500  thus 
found,  by  their  total  estimated  storage  of  15,330,000  cubic  feot. 

It  was  by  this  very  crude  method  that  the  cost  for  the  t^n 
reservoirs  on  upper  Hudson  and  upper  Sacandaga  proposed  built 
to  hold  14,364,000,000  cubic  feet,  was  t  stimated  at  $1,008,.VV.». 

On  Boreas  and  Cheney  Ponds,  if  was  estimattd  that 

1,111  million  cubic  feet   uf  storage  would  cost  $llS,o»»» 

On  Indian  Lake  it  was  estimated,  apparently  from 
surveys  in  detail,  that  4,4GS  million  cubic  feet 
of  storage  would  cost 120,0')0 

On  Piscco  Lake,  it  was  estimated  that  1,725  million 
cubic  feet  of  storage,  which  apparently  would 
raise  the  lake  level  about  12.7  f<et,  would  cost.  .  70,000 

At  Tumblehead  Falls,  it  was  estimated  from  sur- 
veys that  a  high  masonry  dam  could  he  built 
which  would  raise  the  level  of  Schroon  Lake 
about  thirty-one  feet  above  its  present  level 
of  807  feet  above  the  sea  or  when  the  reservoir 
"^led  to  maximum  flood  depth  with  two  feet 
ver  the  crest  of  the  dam,  the  water 
'aised  to  contour  840. 
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At  Tumblehead  Falls  the  water  level  would  be 
raised  fifty-nine  feet,  and  the  proposed  dam 
would  impound  the  run-off  from  502  square 
miles. 

The  vast  reservoir  formed  by  this  dam  would  flood 
also  Brant  Lake  and  Paradox  Lake. 

It  was  estimated  that  the  total  volume  thus  stored 
including  the  thirty-one  feet  of  extra  depth  on 
Schroon  Lake  at  Tumblehead  Falls,  would  be 
nearly  16  billion  cubic  feet,  and  the  expenses  at- 
tendant on  flooding  this  vast  territory  was  then 
estimated  at $840,000 

It  was  also  proposed  to  construct  a  dam  on  the 
main  Hudson  river  just  above  the  present  high- 
way bridge  between  Hadley  and  Luzerne,  where 
it  was  assumed,  apparently  from  very  meagre 
surveys,  that  there  could  be  impounded  4,000 
million  cubic  feet  at  a  cost  of 360,000 


The  totals  of  the  above  estimates  were: 
Storage  41,593  million  cubic  feet. 
Total  cost $2,606,559 


So  far  as  can  be  judged  from  the  report,  it  appears  that  data 
used  for  estimating  the  volumes  of  the  proposed  great  Schroon 
re^erv'oir  were  chiefly  the  contours  at  twenty  foot  intervals,  as 
determined  by  the  ordinary  topographic  methods  of  the  U.  S. 
geological  survey,  and  not  very  precise  because  of  the  scale  being 
so  small  and  the  points  actually  located  Ix^ing  so  few. 

In  the  case  of  the  proposed  Hadley  reservoir,  the  area  to  be 
flooded  is  so  long  and  narrow  that  topography  mapped  on  so  small 
a  scale  as  one  mile  to  the  inch,  could  not  be  expected  to  give 
a  close  approximation,  but  the  topographic  maps  of  the  L^.  S. 
geological  survey  as  well  as  our  own  partial  survey?  of  1907  indi- 
cate only  about  one-half  as  great  a  volume  as  assumed  by  Mr. 
Rafter. 

His  estimates  for  dams  at  Hadley,  Tumblehead  Falls,  Indian 
Lake,  Piseco  Lake  and  for  Boreas  and  Cheney  PoTi^,  ^  ivc  ^^ 
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may  bo  judged  from  the  description  in  the  printed  report,  were 
made  with  some  degree  of  care,  from  measurements  of  the  crossS 
section    of  the  valley  at  the  points  selected  for  dama. 

The  type  of  dam  is  described  (in  table  15,  page  174  of  State 
Engineers  report  of  ISDo)  as  **  in  gi»neral,  earth  dams  with 
masonry  cores  and  providid  with  waste  ways  over  natural  rock 
at  the  side,"  but  in  the  case  of  the  larger  dam  for  Tumblehead 
Falls  and  Indian  ]..ake,  massive  masonry  structures  were  proposed 
and  the  eost  of  tlie  dams  themselves  appears  to  have  been  esti- 
mated in  some  little  detail.  The  actual  cost  of  construction  at 
Indian  Lake  came  very  close  to  this  preliminary  estimate. 

The  type  proposed  at  that  time  for  the  great  dam  at  Tumble- 
head  Falls  was  a  loose  rock  fill,  to  be  made  water  tight  by  an 
a.-^phalt-eoiiereto  facing.  This  is  a  tyi>e  of  construction  which 
would  hardly  be  accepted  to-day. 

IIi'Dsox  Stokaue  Hkport  of  1896. 

In  his  report  of  the  previous  year,  'Mr.  Kafter  plainly  stated 
that  his  data  were  incoinplcte  and  reserved  the  right  upon  obtain- 
ing further  data,  t<>  change  his  figures  upon  storage  A'olumes  and 
co.-t  and  a  continuation  of  his  studiis  of  1S95  is  reported  under 
date  of  Frbiuary  1,  \>\)7,  upon  pages  S0;j-S5S  of  the  State  Engi- 
neer's rcportfor  the  yi-ar  181U). 

This  reports  additional  surveys  at  the  site  of  the  proposed 
(lam  at  Tunil)leliead  Falls,  at  tJiu  Iladhy  Dam  site,  and  for  dam 
sites  at  Tahawus,  T.akc  Ilendt'rs(»n,  Boreas  River  and  at  New- 
comb.  The  survey  had  Ixen  coni])leted  for  the  Indian  Lake  dam 
site  to  th(»  ]M)in(  wlicrc  ir  was  said,  that  if  (l<*sirable  an  appropria- 
tion could  be  made  for  its  c<'»nstru(!lion. 

The  t<'st  pits  at  Tuuiblt-liead  Falls  failed  to  reach  ledge  at 
thirty-l'iv4'  feet  below  the  surface  on  the  south  side;  and  owing  to 
the  lack  of  sufficient  appropriation,  borings  for  completely  deter- 
mining the  cbaract(M-  of  the  sub— t  rata  could  not  be  made.  The 
report  says  that  'Miard  material"  was  in  general  found  from 
ion  to  twenty-four  feet  Inflow  the  bed  of  tho  river.  Presumably 
this  means  compact  sand,  har<l-pan  or  boulders  —  not  solid  ledge. 

A  topographic  map  of  the  Tumblehead  site  on  a  scale  of  100 
feet  to  an  inch  was  prepared  Wt  i\ot  \^\\\A\%W^. 


Studies  of  AVatek  Power  Development.  77 

At  the  Hadley  site,  the  probable  cost  was  found  greater  than 
estimated  the  year  before,  because  it  was  now  found  that  more 
of  the  houses  in  the  village  would  be  included  within  the  flow 
line,  and  that  the  river  at  the  dam  site  was  much  deeper  than  had 
been  supposed. 

The  topographical  work  was  not  extended  over  the  Hadley  res- 
ervoir, and  therefore  no  accurate  figures  on  its  storage  volume 
were  presented. 

A  further  study  of  rainfall  and  runoff  of  the  upper  Hudson 
region  was  reported,  and  a  compilation  of  many  monthly  rainfall 
records  and  temperature  records  was  presented.  Considerable 
space  was  given  to  the  recurrence  of  years  of  exceptional  small 
stream  flow; 

Except  for  the  small  amount  of  new  survey  and  test  pit  work 
mentioned  above,  the  report  of  this  year  1896  upon  Hudson  river 
storage  was  mainly  made  up  of  a  compilation  and  discussion  of 
such  data  as  are  to  be  found  in  the  library,  rather  than  by  a 
presentation  of  the  data  that  could  be  had  only  through  additional 
field  work  and  at  larger  cost. 

Investigations  by  AVater  Stoil:VGe  Commission  of  1902. 

Under  Chapter  406,  Laws  of  1902,  a  Commission  was  ap- 
pointed to  investigate  causes  of  floods  and  overflows  of  rivers 
and  water  courses  and  make  recommendations  for  preventing 
the  same. 

The  members  sensed  without  salary,  and  an  appropriation  of 
only  $6,000  was  made  to  cover  salary  of  secretary  traveling 
expenses,  printing  and  the  service  of  an  engineer  and  assistants 
to  be  detailed  from  the  office  of  the  State  Engineer. 

The  Commission  resolved  itself  into  four  committees  for 
greater  facility  of  work,  and  the  State  was  correspondingly  sub- 
divided into  four  districts  for  investigation.  Circulars  were 
sent  out  calling  for  statistics  of  injurious  floods,  and  the  Com- 
mission recognizing  the  insufficiency  of  the  appropriation,  con- 
fined its  work  for  that  year  mainly  to  "  the  preliminary  work  of 
collecting  general  information  concerning  the  distribution  and 
extent  of  floods  throughout  the  State  to  the  ascertainment  of  the 
general   character  and  extent  of   the   injurj'    sustained   thereby 
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and  to  the  general  type  and  character  of  the  remedial  measures 
available." 

^^  It  was  expected  that  the  preliminary  investigation  of  the 
first  year  would  show  just  what  problems  existed  and  what  further 
special  investigations  and  surveys  were  needed  before  actuaUy 
undertaking  the  work  of  flood  prevention  or  stream  measure- 
ment in  the  various  portions  of  the  State." 

**  The  conclusion  was  reached  that  State  supervision  and  con- 
trol is  the  only  safe  method  of  intelligently  initiating,  construct- 
ing and  maintaining  an  adequate  study  of  river  improvement 
for  this  State." 

*^  The  central  idea  should  be  that  the  entire  cost  of  the  exe- 
cution and  maintenance  of  each  of  the  various  works  comprising 
such  a  study,  should  be  borne  by  the  beneficiaries  in  proportion 
to  the  benefits  they  derive  from  it." 

Attention  was  particularly  called  in  the  report  of  this  Water 
Storage  Commission  to  the  possibilities  of  large  additional  water 
power  development  upon  the  Gcneeee,  Hudson  and  the  Black 
rivers  by  means  of  the  storage  of  flood  waters. 

The  Coninii^sioiicrs  rci)orting  for  the  eastern  division,  Mr. 
Elnathan  Sweet  of  Albany  and  ]Mr.  George  R.  Finch  of  Glens 
Falls,  in  their  statenunts  about  the  Hudson  river  region  above 
Troy,  p.  148,  present  the  follovring  interesting  notes: 

On  the  Iloosic  about  one  mile  above  its  mouth,  a  reservoir  of 
five  billion  eubic  feet  could  be  located  but  would  be  costly  above 
$200  per  million  cubic  feet. 

On  the  Eattenkill,  about  five  billion  cubic  feet  of  storage  could 
be  secured  by  dams  of  Battc^nkill  and  Shusan,  both  located  above 
'  the  princii)al  water  powers.  This  storage  would  cost  probably 
not  more  than  $100  per  million  cubic  feet. 

On  Fish  Gre<?k,  the  outlet  of  Saratoga  Lake,  about  three  billion 
cubic  feet  of  storage  could  be  secured,  costing  probably  not  more 
than  $100  per  million  cubic  feet,  but  the  Commissioners  state 
clearly  that  additional  surveys  ar<'  needed  to  determine  the  facts 
with  more  precision. 

They  further  state  (p.  149)  that  the  surveys  of  the  Hudson 
River  J^"]lectric  Company  indicates  that  a  storage  reser\'oir  hold- 
ing, say,  8,000  million  cubic  feet  can  l>e  made  at  Conklingvillc 
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by  raising  the  surface  of  the  miU.  pond  there  about  24  feet,  at  a 
cj^t  not  to  exceed  $75  per  million  cubic  feet,  that  is,  $600,000. 

On  the  west  branch  of  ths  Sacandaga,  the  Water  Storage 
Commission  caused  a  reservoir  site  to  be  surveyed  half  a  mile 
above  the  Little  Falls,  where  a  dam  62  feet  high  would  store 
7.5  billion  cubic  feet  at  a  cost  not  exceeding  $40  per  million 
cubic  feet. 

On  the  east  branch  of  the  Sacandaga,  a  reconnoissance  indi« 
cat^'S  3.5  billion  cubic  feet  can  l^e  stored  at  the  Griffin  and  Oregon 
and  at  the  outlet  of  Lake  Pleasant,  all  at  moderate  cost. 

These  three  reservoirs  aggregating  19  billion  cubic  feet  were 
<1<  uncd  sufficient  for  the  regulation  of  the  Sacandaga.  (See  p. 
no  Kept.  Water  Storage  Com.  1903). 

On  the  Schroon  River,  Messrs.  Sweet  and  Finch  reported 
r«c-<»mmending  a  modification  from  ilr.  Rafter's  plan  of  a  single 
large  dam  at  Tumblehead  Falls,  which  would  flood  and  connect 
Schroon,  Paradox  and  Brant  lakes,  because  of  the  said  plan 
])roviding  more  storage  than  consistent  with  utilizing  the  full 
water  power  of  the  Schroon,  and  because  it  would  have  to  be 
executed  all  at  one  time  and  would  necessitate  too  radical  a  change 
at  Schroon  Lake. 

They  suggested  instead  of  the  dam  at  the  Tumblehead  site,  a 
dam  about  a  mile  and  a  half  above  Starbuckville,  which  would 
raise  Schroon  Lake  to  elevation  817  above  sea  level,  and  which 
would  supply  three  billion  cubic  feet  of  storage. 

They  also  recommended  four  other  dams,  viz.,  at  the  foot  of 
Brant  Lake,  to  provide  1.8  billion  cubic  feet  of  storage;  Para- 
dox Lake,  2.2  billion  cubic  feet;  at  Blue  Ridge  1.5  billion  cubic 
feet;  at  Loon  Lake  and  Hammond  Lake,  1  billion  cubic  feet,  a 
total  of  6.5  billion  cubic  feet. 

The  whole  Schroon  River  system  of  reservoirs  thus  planned 
would  aggregate  9.5  billion  cubic  feet,  which  Messrs.  Sweet  and 
Finch  believe  could  be  provided  at  a  cost  of  less  than  $70  per 
million  cubic  feet. 

For  the  upper  Hudson  River,  they  suggested : 

1.  Fully  developing  the  storage  of  Indian  River  by  a  dam  at 
the  head  of  Indian  River  Falls  about  four  miles  below  the  recent 
new  Indian  Lake  dam,  providing  four  billion  cubic  feet  of  stot^*^- 
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2.  By  dams  on  tributaries  above  Indian  River  to  provide  u.j 
billion  cubic  feet;  and  on  Boreas  River  at  the  outlet  of  Cheney 
Pond,  providing  1.5  billion  cubic  feet,  the  whole  aggregating 
with  the  present  Indian  Lake  dam  14  billion  cubic  feet  on  that 
division  of  the  watershed. 

The  cost  of  the  Indian  River  storage  was  estimated  at  only 
$5  per  million  cubic  feet,  and  that  of  the  other  reservoirs  on 
this  division  at  $75  per  million  cubic  feet. 

They  further  rc^commended  securing  four  billion  cubic  feet  of 
storage  at  the  reservoir  recommended  previously  on  the  Hudson 
River  at  Kadley  (our  later  surveys  indicated  this  reservoir  would 
contain  only  about  half  this  quantity)  and  four  billion  cubic  feet 
additional  by  a  reseiToir  to  be  created  by  raising  the  State  canal 
feeder  dam  located  two  miles  above  Glens  Falls  about  45  fa*t 
or  10  elevation  ^33  above  sea  level  and  stated  that  the  costs 
of  these  two  reservoirs  may  approximate  $100  per  million  cubic 
feet. 

Billion 
cubic  feet. 

The  total  for  upper  Hudson  wa> 14.0 

The  total  for  Scliroon  was 9.3 

The  total  for  Ifoosic  was 5. 

The  total  for  j>atten   Kill  was ;». 

The  total  for  Fish  Creek  was 3. 

The  total  fur  Sacaiidaga,  C'oiikliiiville  was S. 

The  total  for  Sacandaga,  AVcst  liraiieli  was 7.5 

Total ^2.0 

In  coiichisicii,  they  stated  tlial  tliis  ^.tudy  of  ngrslating  reser- 
voirs for  the  upper  Hudson  *'  would  not  only  si-curo  the  desired 
regulation  of  the  lower  Hudson,  but  would  provide  a  like  regula- 
tion to  all  its  uj)p(T  tributaries,  tlius  ser\dng  in  the  highest  degree 
the  potential  energy  in  the  stored  water  for  the  development  on 
the  tributaries  as  well  as  on  the  main  stream  and  would  benefit 
navigation  by  ])roviding  ainph^  iVcd  water  for  the  proposed  en- 
largement of  the  Champlain  Canal  and  by  raising  the  miniminn 
low  water  stage  of  the  Hudson  River  in  the  shallow  portion  below 
Troy,  more  ihan  one  foot" 
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It  will  be  noted  this  is  more  conservative  than  Mr.  Rafter's 
estimate  of  1.5  ft.  increased  depth  from  41.0  billion  cubic  feet  of 
storage,  but  it  is  not  quite  clear  if  they  considered  all  of  the  52  bill- 
ion cubic  feet  of  storage  necessary  to  gain  this  one  foot  of  depth. 

In  reviewing  the  above  conclusions,  it  should  be  remembered 
that  Messrs.  Sweet  and  Finch  had  the  benefit  of  no  additional 
surveys  and  no  precise  data,  but  that  both  were  presumably  very 
familiar  from  long  personal  experience  with  the  general  character- 
istics of  the  territory  in  question. 

Restrictions  ox  Reservoir  Building. 

Xot withstanding  all  the  foregoing  evidence  of  remarkably 
favorable  i-eservoir  site«,  by  the*  use  of  which  the  great  shrinkage 
nf  the  river's  llow  in  suinmor  could  be  preveiiteil  and  notwithstand- 
ing the  rciiuiremonts  of  navigation  and  the  great  need  for  more 
})0wer,  variou."^  causes  have  deferrcnl  the  building  of  additional 
reservoirs  in  the  Adiroudacks. 

In  the  earlier  days,  lack  of  combination  of  the  various  mill 
owners  along  the  stream  for  united  action,  and  lack  of  securing 
a  pro  rata  contribution  to  the  cost  of  th^*  resen'^oirs,  doubtless  had 
much  to  do  with  preventing  action  by  them. 

Combinations  of  this  kind  even  when  plainly  most  advantage- 
ous are  often  difficult  to  bring  about.  One  mill  has  less  pressing 
need  than  another  of  adding  to  its  supply  of  power.  Some  mill 
owners  may  not  have  the  ready  funds.  The  owner  of  a  mill  may 
reason  that  those  mill  owners  whose  need  is  greatest  will  go  ahead 
with  the  reservoir  building  and  that  by  waiting,  without  effort 
or  expense  on  his  part,  he  can  enjoy  the  use  of  the  stored  water 
as  it  flows  past  his  mill,  and  as  suggested  in  the  census  report 
already  quoted  on  ])age  G5  there  has  been  all  along  a  hope  that 
the  State  would  undertake  this  work  with  little  or  no  expense  to 
th<»  mill  owner,  *'  for  the  benefit  to  navigation.'- 

The  fact  that  one  using  power  for  grinding  pulp,  the  purpose 
for  which  the  Hudson  power  is  chiefly  used,  can  not  afford  so 
large  an  expense  for  power  as  in  textile  manufacture,  and  can 
more  readily  arrange  to  manufacture  a  surplus  in  the  months  of 
plenty  and  stop  in  the  months  of  drought,  has  also  been  a  factor. 
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Forest  Preserve  Restrictions. 

The  cstablislimeiit  of  a  State  Forest  Preserve  in  1890  lias  had 
a  very  important  restraining  influence  on  the  construction  of  these 
storage  reservoirs. 

The  State  laws  outline  two  large  districts,  designate! 
respectively  as  the  Adirondack  Park  and  the  Adirondack  Forest 
Preserve,  comprising  all  lands  owned  or  acquired  by  the  State 
in  certain  counties  and  towns. 

The  outlines  of  the  two  districts  and  the  location  of  the  several 
l)arcels  now  owned  by  the  State  are  shown  on  certain  large  scale 
maps  issued  by  the  X.  Y.  Forest,  Fish  and  Game  Commission. 

The  inner  circuit  bounds  the  *'  Park  Lands  "  and  the  outer 
circuit  tht'  ''  Forest  Prescu'vc.''  Tho  Park  is  a  part  of  the  Forest 
Preserve. 

The  Adirondack  Park  as  laid  out  and  already  about  four-fifths 
acquired,  is  confined  to  a  contiguous  and  nearly  solid  tract, 
roughly  rectangular  in  shape,  averaging  about  80  miles  across 
from  north  to  south  and  about  70  miles  from  east  to  west.  It  con- 
sists largely  of  laud  from  which  tlio  valuable  coniferous  timber 
had  1m  en  reiuuvcd  by  linnborni.Mi  prior  to  its  purchase  or  recovery 
by  the  State,  but  ii>  a  whole,  it  is  still  deu'^oly  covered  by  \h 
primeval  hardwood  erowtli,  co^iiprisinir  many  magnificent  trci^. 
find  contains  many  acres  where  a  new  stand  of  small  spruce*, 
lialsam,  heml(»ck  and  pine  is  rapidly  growing. 

The  For(^-t  Preserve  outside  fltc  park  consist.s  of  many  large 
and  small  detached  tracts,  widdy  separated  and  scattered  within 
a  zone  varying  from  20  to  50  miles  in  width  outside  the  park, 
hut  comprises  onli/  a  very  small  percciiiage  of  all  the  lands  in 
fhis  zone. 

In  the  Slate  ( 'onstitiiti<ni,  it  is  now  provided,  act  VIL  section 
7  —  '^  The  lands  of  the  State  now  owned  or  hereafter  acquired, 
con.-iituting  the  forest  ])rcserve  as  now  fixed  by  law,  shall  be  for- 
ever kept  as  wild  forest  lands.  They  shall  not  be  leased,  sold  or 
exchanged  or  be  taken  by  any  corporation,  public  or  private, 
nor  shall  the  timl>er  thereon  be  sold,  removed  or  destroyed."  This 
provision    has    come    to    have    a    wider    scope    than    those    who 
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framed  it  probably  foresaw,  since  under  certain  laws,  scattered 
tracts  of  land  in  various  parts  of  the  State  on  which  taxes  have 
ceased  to  be  paid  revert  to  the  State  and  become  parts  of  the  State 
forest  preserve  and  subject  to  the  limitations  above  set  forth. 

Many  small  detached  tracts  of  abandoned  farm  lands,  of  de- 
forested timber  lands  and  of  valueless  swamp  lands  have  thus 
e«nne  into  tlie  possession  of  the  State  and  are  thus  held  as  part  of 
the  forest  preserve  under  the  restrictions  quoted  above,  and  some 
of  these  tracts  happen  to  stand  within  areas  desirable  for  reservoir 
purposes. 

An  instance  of  this  kind  is  found  within  the  area  proposed  to 
be  acquired  by  the  city  of  New  York  as  the  site  of  its  great 
Aj-hokan  reservoir  now  under  construction  for  purposes  of  domestic 
supply.  A  notable  instance  is  found  within  the  proposed  limits  of 
the  Sacandaga  resenoir,  about  four  miles  above  Conkling\ulle. 

An  amendment  to  the  State  Constitution  may  be  necessary  to 
remedy  these  conditions. 

In  some  instances,  the  land  proposed  to  be  flowed  is  practically 
worthless  for  the  real  purpose  of  a  forest  preserve  and  can  be 
employed  for  water  storage  with  far  greater  advantage  to  the  State 
than  in  any  other  use. 

For  exam])le,  iu  the  neighborhood  of  the  great  Vly  swamp  be- 
tween Cranberry  creek  and  Xorth  Broadalbin,  or  near  the  long 
level  swamp  on  the  West  Branch  of  the  Sacandaga,  upstream 
from  the  entrance  of  Piseco  outlet,  the  conditions  affecting  health 
and  pleasure  would  surely  be  improved  by  converting  both  of 
these  tracts  into  storage  reservoirs,  under  proper  recjuirements 
for  cutting  the  trees  and  removing  the  stumps,  and  for  burning 
all  dead  timber  and  other  refuse  wood,  and  then  flooding  this 
swamp  by  a  dam  whose  drain  gates  were  set  so  high  that  the 
swamp  would  become  forever  covered  by  water. 

Effect  of  Lumbering  upon  Stream  Flow.  . 

A  clear  distinction  must  be  made  between  deforesting  for  agri- 
culture and  the  cutting  out  of  the  timber  trees,  in  their  effect  on 
stream  flow. 

As  a  matter  of  fact,  the  vast  liunbering  operations  of  the  past 
75  years  have  probably  had  little,  if  any,  measurable  effect  w^cs^ 
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the  flow  v{  the  Sacandaga  river,  for  those  areas  where  the  forest 
fires  have  raged  so  fiercely  as  to  destroy  the  leaf  mold,  denude 
the  soil  and  prevent  new  growth,  although  large  to  the  eye,  are  so 
far  as  I  have  yet  hwn  able  to  leani,  but  a,,  small  percentage  of  this 
whole  upper  Jliidson  drainage  area,  and  I  saw  no  such  denuJt»l 
areas  on  the  Sacandaga  drainage. 

Perhaps  in  some  parts  of  the  Adirondacks,  the  tracts  of  barren 
biinied  land  are  larger  than  on  the  Upper  Hudson  drainage  aren. 

The  dense  Xortliern  forest,  as  seen  on  our  tour  through  the 
Indian  Lake  and  Sacandaga  drainage  already  described,  com- 
prises magnificent  old-growth,  hardwood  trees  left  after  thi* 
lumbering  and  filled  in  between  with  underbrush,  which  soon 
grows  up  again  after  a  small  fire,  all  of  which  efficiently  shade 
the  ground  and  check  the  wind  movement  over  the  surface  and 
thus  lessen  evapr>rafic»n  and  als^o  furnish  sponge-like  leaf  mold 
to  soak  up  and  retain  the  rain,  so  that  all  of  this  forest  region 
probably  yields  at  the  present  day  just  about  as  much  run-off  and 
just  about  as  ev<  n  a  flow  as  ever  before,  the  only  material  differ- 
ence probably  being  that  the  winter's  snow  was  better  shaded  by 
the  old-growl h  of  uvrvirrcciis  from  early  melting  by  the  sun. 

The  now  growth  of  small  evergreens  doubtless  soon  restores  this 
shade,  and  exn'i)t  for  the  <*onstaTit  menace  of  fires  severe  enough 
to  bum  the  lumnis  ami  the  collection  of  "  spruce  duff,"  there  i? 
every  reason  to  expc^ct  that  the  yicOd  of  the  upper  Hudson  will 
forever  continue  much  the  sauK^  as  now,  especially  so  sinc«  the 
recent  wise  e«tablislimenf  by  tlu*  State  of  a  great  Forest  Preser^'e. 

llic  real  sfomf/<'  ichicli  rrr/nlaics  ilio  summer  yield  is  not  in 
flic  fnrrsf  or  i)i.  ihr  acrumulnlion  of  leaf  mold  hut  is  in  the  porous 
sand.s  heneaih,  Tlu'  f<»re^t  (*ov<'r  and  the  leaf  mold  retard  tho 
run-off  and  give  ir  more  time  to  soak  into  the  ]>orous  sand. 

The  complete  dcf on  sting  for  juirpose  of  agriculture  undoubt- 
edly makes  a  i»Tcal  dci-n-a^o  in  tlio  snminer  niii-off,  but  the  drain- 
a.i»<'  area  of  tlu^  rpju^r  IIudMHi  is  mainly  ion  ^teep,  too  cold  and 
too  sierile  for  agriculture  and  will  always  remain  mostly  wood- 
land. 

Forest  fires  are  the  great  and  ])ressing  danger  to  maintenance 
of  the  volume  of  stream  flow  and  to  its  partial  regidation  by  forest 
influences  and  the  consequfut  lessening  of  the  extremes  of  flow 
between  flood  and  drought. 
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Means  for  lessening  the  present  danger  of  forest  fires  may  well 
be  considered  by  those  who  would  conserve  the  sources  of  the 
water  power  of  all  this  region. 

Near  North  Creek  can  be  seen  examples  of  the  injury,  irrepara- 
ble largely  for  a  hundred  years,  that  may  sometimes  follow  a 
forest  fire.  The  unmerchantable  standing  trees  and  the  under- 
brush, that  furnished  shade  to  retard  the  melting  of  the  snow  are 
gone,  and  the  sponge-like,  fertile  covering  of  leaf-mould  and 
humus  that  it  has  taken  many  years  to  accumulate  is  lost.  With 
this  protection  gone,  the  scanty  covering  of  earth  that  it  has  taken 
unknown  years  of  frost  and  disintegration  to  accumulate  over  the 
rocks  of  the  hillsides,  soon  becomes  more  or  less  washed  away  by 
the  rain.  Scant  slielter  or  nourishment  is  left  for  new  growth  to 
come  in,  which  by  giving  shade  and  lessening  the  wind  movement 
would  lessen  the  evaporation,  and  by  accumulating  leaf  mold  and 
duff  would  present  a  sponge-like  surface  to  retard  tlie  flow,  and 
so  for  many  years  the  rainfall  upon  these  burned  barren  tracts 
will  run  rapidly  to  the  rivers,  the  snows  will  melt  rapidly  and  the 
summer  flow  of  the  springs  will  dry  up  early. 

I  was  much  impressed  by  these  facts  as  I  traveled  in  September 
last  across  the  lower  half  of  the  Adirondack  Preserve  from  North 
creek  past  Indian  lake  to  Lake  Pleasant  and  Piseco  lake  and  along 
the  Avest  branches  of  the  Sacandaga. 

A  forest  to  serve  its  best  purpose  should  not  be  simply  let  alone. 
Portions  of  the  admirable  forestry  laws  recently  established  by  the 
United  States  Government  under  the  wise  lead  of  Mr.  Gifford 
Pinchot,  may  well  serve  as  a  basis  for  remodeling  the  foresty 
laws  of  New  York,  and  above  all  the  construction  of  main  lines 
of  roads  for  quick  access  in  fire  control  and  the  presence  of  forest 
warilens  and  the  presence  of  scattered  small  colonies  of  settlers 
who  may  get  their  living  as  guides  or  w^ardens  or  keepers  of  sum- 
mer vacation  camps  and  thus  have  a  direct  interest  in  preservation 
of  attractive  forest  conditions,  should  be  encouraged  by  wise  pro- 
visions of  the  State  laws. 

-All  this  will  result  in  ultimate  benefit  to  water  powers  and  to 
tbe  many  other  products  of  the  forest.  Likewise,  'all  that  can  Ik? 
doD0  to  extend  the  plantations  of  thickly  set  pine  —  cheaply  set  out 
Hi    "t-  ftw  feet  apart  by  the  tens  of  thousancU  ox  \k\vcv$k?c^<i^  ^^ 
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thousands,  as  has  bet*n  done  in  recent  years  by  a  few  far-seeing 
land  owners  —  will  bo  of  benefit  to  the  stream  flow  and  to  the  n?- 
sources  of  the  State. 

PopuLAE  Opposition  to  Stoh-vge  Reservoirs. 

In  recent  years,  the  apprehension  of  the  general  public  lest 
the  attractiveness  and  healthfulness  of  the  State  forest  reserves 
as  a  pleasure  ground  would  be  seriously  impaired  by  the  flooding 
of  vast  tracts  for  reservoirs  to  be  emptied  in  midsummer,  has  on 
various  occasions  aroused  a  strong  sentiment  against  any  ex- 
tensive reservoir  building. 

ilethods  of  reservoir  building  that  have  too  freely  prevailed 
in  Xew  York,  in  Maine  and  other  stat(*s,  whereby  large  forest 
areas  have  simply  been  flooded,  thereby  killing  the  treps  and  the 
underbrush,  and  leaving  them  to  slowly  rot  amid  scenes  of  hope- 
less desolation,  have  given  abundant  cause  for  these  popular  fears 
and  protests. 

Also  there  are  many  object  lessons  within  the  limits  of  the 
Forest  Pror-orvc,  of  reservoirs  uoininally  "cleared"  before  flow- 
ing, where  the  timber  has  been  so  cut  as  to  leave  tall  stumps  ok- 
p<)S(^d  and  (l(H*ayin«2:  a-  the  stored  water  is  drawn  off  and  there  exi:^: 
ether  exain])les  of  reservoii-s  with  stumps  partly  submerged  that 
make  ])leasurc  lx>atin£r  dangerous,  all  offensive  to  lovers  of  nature 
an<l  to  those  who  would  find  pleasure  in  a  vacation  spent  along  the 
water-eou]"ses. 

Til  recent  Vi^ars,  the  needs  (.f  the  mills,  and  partjeularly  the 
needs  of  the  new  electric  power  transmission  plants,  for  more 
water  ])nwer  and  for  a  less  variable  flow,  have  become  more  urgent, 
and  more  str(»iioly  than  in  former  years  the  water  power  owners 
have  joined  foro<  s  in  advoeatinc:  reservoir  construction  and  in 
expressions  of  williuirness  to  join  in  the  cost,  but  meanwhile  th; 
j)iil)lie  has  l)((*ome  awak(Mied  to  the  danirers  and  has  become  mor? 
ji  alons  of  its  riirhts. 

Pkoj'kk  IIkskkvoik  JUmliung  Shoild  be  ExcorRAGEi). 

Wheiher  a  stora«:e  reservoir  site  is  niado  dismal  or  beautiful  is 
i]i  most  instances  a  simple  question  of  expense  and  supervision. 
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It  appears  certain   that  by  a  proper   cutting  of  stumps  and 
bushes,  by  the  careful  limitation  of  high  water  and  low  Avater 
levels,  according  to  the  lay  of  the  land,  and  by  the  action  of  the 
waves  in  undercutting  the  sod   and   digging  out  the  roots   on 
moderately  steep  slopes,  thus  in  time  forming  sandy  beaches,  the 
margins  of  a  partly  emptied  artificial  storage  reservoir  having 
steep,  sandy  or  rocky  banks,  as  found  almost  everywhere  in  the 
Adirondack  mountain  region,  can  be  made  sanitary  and  attractive, 
particularly  under  State  supervision,  and  it  is  certain  that  large 
storage  reservoirs  can  be  built  at  various  places  upon  the  head- 
waters of  the  Hudson,  Raquette  and  other  rivers,  which  will  add 
to  the  attractiveness  of  the  region  to  health  seekers  and  pleasure 
seekers,   and  that  such  reservoirs  may  be   made   to  contribute 
greatly  to  the  industrial  prosperity  of  the  State  and  should  be 
built. 

Rules    by    Which    Storage   Reservoirs    may    be   Made 

Attractive. 

After  personal  inspection  of  several  of  the  sites  now  in  ques- 
tion and  some  study  of  the  local  conditions,  and  from  my  obsen'a- 
tions  upon  many  reservoirs  for  domestic  water  supply  and  upon 
the  shores  of  many  natural  lakes,  I  am  led  to  believe  that  with  the 
following  requirements  rigidly  enforced,  the  public  interests 
would  be  fully  safeguarded,  and  that  the  larger  reservoirs,  although 
used  for  power,  would  on  the  whole,  in  comparison  with  present 
swamps  and  bushy  or  marshy  margins,  surely  add  to  the  pleasures 
^jf  the  forest. 

1.  Up  to  a  contour  at  least  3  feet  above  high  water,  and  out 
to  not  less  than  25  feet  from  the  \vater's  edge,  all  trees  and  under- 
brush should  be  cut  close  to  the  surface  of  the  ground  and  all 
projecting  stumps  should  be  removed,  excepting  only  the  covere-l 
roots,  and  all  of  this  wood  and  refuse  should  be  rigorously  burned 
and  none  left  to  sink  or  drift  as  described  at  Indian  lake.  For 
average  conditions  of  heavily  forested  hind,  this  would  probably 
cost  $26  per  acre.  The  cutting  and  burning  of  the  trees  on  a 
thousand  acres  of  Indian  lake  margins  is  said  to  have  cost  about 
$15  per  acre,  but  that  clearing  was  not  so  compVele  ^la  \\.  ^^^xi^^i 
have  heem 
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2.  The  (lams  should  be  given  such  surplus  height  as  to  provide 
sutKcicnt  storage  without  ever  completely  emptying  the  reservoir 
or  exi>osing  large  Hat  level  areas  that  would  be  badly  drained  as 
the  water  receded,  and  no  drain  gate  should  be  permitted  to  be 
built  at  a  level  so  low  as  to  permit  this  complete  emptying  or 
drawing  below  a  predetermined  level. 

3.  In  order  to  fix  this  lowest  limit  of  draft,  no  storage  reser- 
voir should  be  authorized  to  be  constructed  until  a  large  scale 
contour  map  of  its  betl  is  presented,  upon  which  the  character 
and  elevation  of  all  parts  of  the  basin  are  shown,  so  that  the  eflfect 
of  draining  to  the  proposed  limit  may  be  studied  and  ample 
drainage  ditches  may  be  prescribed  where  found  necessary,  in 
i^rder  to  prevent  j>ools  or  swampy  areas  being  left  on  the  benches 
or  terraces.  A  scale  of  100  feet  to  an  inch  with  a  2-foot  contour 
interval  is  suggested  for  ordinary  situations. 

-i.  Wave  acticjn  by  its  cros^ion  and  overturning  of  the  soil  at 
high  Avater  and  as  the  waters  >lowly  recede,  works  powerfully 
\\\H)n  the  sandy  or  gravelly  slopes  of  the  wider  portions  that  are 
ex|)«)s«d  to  the  wind,  and  expr'i-irnee  shows  that  this  action  s«x>n 
n-^ults  in  ercatinii;  niaiiv  .-jui«iv  nr  npnivdlv  beaches  similar  to 
those  fuund  (ai  natural  ponds. 

Along  shell eri'd  cmvc-s  and  on  very  Hat  slopes,  or  on  imfavor- 
ahle  s(>il,  this  heacli-iiiakinir  anion  may  not  occur,  but  a  few 
ura.-sy  eov(  s  may  add  vai-iely  to  tlnj  secne  and  add  to  the  covtr 
I'oi-  birds  and  the  minor  animal  lit'e  of  the  woods. 

Many  examjdes  of  >tora<r(^  reservoirs  with  fluctuating  water 
levels  can  be  fonnd  wliieli  are  atn*active  and  beautiful.  Piscco 
lake  is  subject  to  several  lV<'t  oi*  rise  and  fall,  but  nevertheless  has 
a  beaniifnl  shore.  Spot  pond,  a  reservoir  of  varying  height  in 
tile  center  of  ilic^  North  Metroj)olitan  park  of  the  I:k)3ton  district, 
forms  the  central  feature  in  a  boantifnl  landseai)e. 

PkoIM^SKI)    RkMoVAL    of    C()NSTlTrTI(».NAL   KeSTRICTIOX. 

In  I'JOT,  ])rominent.  water  ])ower  interests  along  the  Hudson 
and  Kaqneltf*  rivers  joined  with  others  in  ])romoting  the  passage 
of  an  amendment  to  act  VII,  section  7,  of  the  Constitution  of 
the  State  <d*  Xew  York,  by  inserting  a  clause  excepting  from  the 
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restrictions  described  above,  such  forest  lands  as  the  Legislature 
should  decide  were  required  for  the  storage  of  water  for  public 
purposes. 

In  a  paper  by  John  G.  Agar,  read  March  14,  1907,  at  a  con- 
vention called  in  opposition  to  this  constitutional  amendment  at 
the  Albany  Chamber  of  Commerce  and  published  by  the  Associa- 
tion for  the  Presentation  of  the  Adirondacks,  Tribune  building, 
New  York  city,  the  popular  side  of  the  case  against  the  construc- 
tion of  storage  reservoirs  in  the  forest,  under  private  control,  is 
stated  with  great  force. 

Incidental  to  his  main  argument,  Mr.  Agar  states,  page  9: 
"^  For  the  water  power  there  should  be  a  well  defined  plan  of 
water  storage  and  reservoir  system  to  be  constructed,  maintained 
and  operated,  with  the  power  derived  therefrom  to  be  sold  or 
leased  by  the  State  and  the  proceeds  thereof  to  be  used  for  public 
purposes,"  and  he  strongly  urged  that  the  present  safeguard 
against  the  acquisition  by  private  parties,  of  vested  rights  in  the 
wat9r  flow  and  water  power,  be  not  sacrificed. 

CONCEBNING   WaTEE  Po\\T:b   DEVELOPMENT  IN   GeNERAL. 

Ko  State  in  the  Union  is  so  bounteously  endowed  by  nature 
with  great  opportunities  for  water  power  development  as  is  the 
State  of  New  York,  especially  if  the  developments  possible  upon 
the  international  boundary  rivers,  the  Niagara  and  the  St.  Law- 
rence be  counted  in;  yet  the  general  course  of  water  power  de- 
velopment for  industrial  uses  was,  relatively  to  the  opportunity, 
much  slower  in  New  York  than  in  the  New  England  States  until 
the  marvelous  electrical  developments  of  the  past  few  years  and 
until  the  full  value  of  the  exceptionally  high  heads  at  Niagara 
and  Rochester  was  realized. 

During  the  past  five  years,  water  power  development  every- 
where has  been  more  active  than  ever  before. 

There  are  no  new  sources  open  to  discovery;  the  watersheds 
and  livers  are  now  all  on  the  map,  and  their  falls  and  rapids  are 
all  open  to  any  man's  observation.  Under  the  stimulus  of  long 
distance  electrical  transmission  what  was  economically  impossible 
a  few  years  ago,  is  now  practicable  and  profitable,  anA.  ^VOo.  >ia& 
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impending  increase  in  cost  of  coal,  this  utilization  of  all  avail- 
able water  powers  will  continually  become  more  complete. 

Today  few,  if  any,  available  power  sites  of  noteworthy  size  or 
importance  can  be  found  on  which  the  promoter  has  not  already 
begun  some  work  of  development,  or  secured  an  option.  Of 
course,  the  tendency  is  to  seek  a  quick  financial  return,  to  cut  out 
the  lx3Sl  portion  and  waste  the  remainder,  to  seek  a  quick  market 
by  replacing  st<*am  power  in  established  industries  rather  than 
to  establish  new  industries,  and  if  the  State  is  over  to  make  a 
broad  study  of  this  question  with  a  view  to  such  development  as 
shall  to  the  utmost  conserve  tli<  se  great  sources  of  power  in  nature 
for  the  fullest  benefit  and  convenience  of  man,  or  if  it  is  to  take 
action  in  reserving  for  ])ublic  use  those  power  sites  yet  remaining 
within  its  direct  control,  now  is  the  time. 

A  Disadvantage  of  Long  Distance  Electbical  Transmission 
OF  PowEK  Compared  with  Local  Use. 

It  is  well  for  those  who  make  laws  designed  to  secure  the  best 
development  of  industrial  conditions  within  the  State  to  recog- 
nize that  the  development  of  a  great  water  power  for  transmission 
by  electricity  to  some  di.-^tant  city  where  it  will  merely  serve  to 
lessen  the  amount  of  steam  coal  burned  in  old  established  indus- 
tries, adds  less  to  the  prosperity  and  population  of  the  State  than 
local  use  in  nt*w  industries,  and  that  long  distance  transmission 
builds  few  new  factories  and  homes  such  as  followed  when  the 
Merrimack  river  was  dammed  at  Lawrence*  or  the  Mohawk  power 
developed  at  Cohoes. 

Large  water  ])ower  developments  j)rior  to  the  invention  of  elec- 
trical transmission  were  commonly  unprofi'table.  The  early 
stockholders  of  the  water  power  com])anies  that  developed  Cohoes, 
llolyoke,  Lewiston  and  Lawrence,  either  lost  all  or  waited  long, 
because  tluir  large  expenditure  for  lands,  dams  and  canals  came 
nearly  all  at  once  and  rolled  up  interest  charges  while  the  power 
still  largely  ran  to  waste,  waiting  for  the  slow  process  of  an  indus- 
trial development  sufficient  to  absorb  any  large  proportion. 

With  electrical  transmission  all  this  was  changed|  the  power 
became  immediately  available  as  a  cheaper  source  than  ateam  for 
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large  industries  already  well  established,  or  could  be  immediately 
sold  in  large  blocks  to  large  users  like  street  raihvays  or  public 
lighting  companies,  and  the  great  source  of  immediate  profijt  in 
nearly  all  recent  water  power  enterprises  has  been  thus  found  in 
taking  the  power  to  some  large  city  and  stopping  the  steam  engines. 

The  Indian  Lake  Reservoir. 

This  appears  to  have  resulted  from  the  surveys  of  1895--6. 
It  is  the  largest  and  most  recent  storage  reservoir  in  the  Adiron- 
dacks  and  one  in  which  the  State  has  acquired  an  important 
part.  It  adds  materially  to  the  water  power  of  the  Hudson  in  time 
of  drought  and  therefore  it  merits  at  least  a  brief  mention  in  con- 
nection with  the  present  studies.  The  following  description  is  con- 
densed mainly  from  a  description  by  Mr.  G.  W.  Rafter  in  the 
report  of  the  X.  Y.  Commissioners  of  Fisheries,  Game  and  Forests 
for  the  year  1899.  A  more  complete  description  was  published  in 
Engineering  News  May  18,  1899. 

In  1897,  the  Indian  River  Co.,  a  corporation  composed  of 
owners  and  users  of  water  power  on  the  Hudson  river,  was  or- 
ganized to  deyelop  the  storage  of  Indian  Lake  to  full  capacity 
in  order  to  help  out  the  low  water  flow  of  the  Hudson  river. 

A  masonry  dam  was  constructed  havings  its  stone  spillway  crest 
at  elevation  1,650  above  sea,  twenty-three  feet  higher  than  the  crest 
of  the  old  lumbermen's  dam  at  this  point,  which  had  fallen  into  de- 
cay, and  which  old  dam  flowed  the  water  ten  feet  above  its  natural 
level.  Thus  the  new  construction  raises  the  water  about  thirty- 
three  feet  above  the  surface  of  the  original  lake,  which  was  about 
two  miles  in  length  and  about  one-third  of  a  mile  in  width  at  the 
broadest  portion. 

The  reservoir  thus  enlarged  has  an  area  of  about  5,000  acres  at 
the  spillway  level  and  is  about  thirteen  miles  long. 

It  is  of  interest  to  note  that  when  the  first  lumberman's  dam 
six  feet  in  height  was  built  here  in  1845,  the  timber  was  left 
standiiig  upon  the  areas  flooded,  as  was  also  done  when  later  the 
original  dam  was  rebuilt  and  raised  to  a  total  height  of  ten  feet, 
for  log  driving  porposes.  This  flooded  timber  died  and  remained 
ttawtTn^  fr  f  Tears  a  serious  blot  on  the  land^^^^.    (dx^^x 
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about  forty  years  from  the  original  flooding,  the  great  bulk  of  it 
had  fallen  down,  and  since  that  time  and  aside  from  the  few 
scaltcring  sUiIh  here  and  th<*re,  tho  old  reserv'oir  n^en  full  is  said 
to  have  presented  the  appearance  of  a  fine  natural  lake.    * 

The  storage  of  the  ten  foot  timber  danf  was  estimated  at  800 
million  cubic  feet,  and  that  of  the  new  masonry  dam  up  to  the 
si)illway  level  is  estimated  at  4,4C8  million  cubic  feet,  or  if  flash 
boards  two  feet  in  height  are  admitted,  a  storage  may  be  expected 
of  roundly  five  billion  cubic  feet. 

The  State  acting  through  the  Forest  Preserve  Board  took  a 
strong  interest  in  the  construction  of  this  new  dam,  which  with 
the  clearing  of  the  trees  from  the  flowed  land,  is  stated  to  have  cost 
about  $100,000,  and  at  an  expense  of  $164,000  the  State  acquired, 
largely  from  parties  interested  in  the  building  of  the  dam,  about 
42,000  acres  of  land  from  which  the  merchantable  lumber  had  been 
cut,  adjacent  to  and  including  Indian  Lake,  to  form  a  portion  of 
the  Adirondack  Park,  provided  for  under  legislative  acts  of  1893, 
1897  and  1898.  A  statement  of  the  conditions  leading  to  this 
purchase  is  presented  in  the  report  of  the  Forest  Preserve  Board, 
made  to  the  Governor  on  January  29,  1898. 

It  was  stated  that  if  the  old  wooden  dam  was  allowed  to  decay, 
"  the  water  would  be  drawn  to  its  former  level,  reducing  the 
lake  to  one-third  its  present  size  and  leaving  miles  of  devastated 
flats,"  and  the  action  of  the  State  in  this  purchase  "  was  based 
upon  a  consideration  of  the  advantages  gained  in  thus  not  only 
preventing  the  destruction  of  Indian  Lake  in  its  beauty,  but  also 
in  preserving  it  as  a  vast  reservoir  for  supplying  the  Champlain 
canal  and  improving  the  navigation  of  the  Hudson  river.  It  is 
to  1)0  noted  in  this  connection  that  the  control  of  thewaters  has 
been  thus  secured  to  the  State  rather  than  left  in  the  hands  of 
private  parties." 

The  Stat(^  has  from  time  immemorial  retained  ownership  in  the 
flow  of  the  Hudson  snfTieient  for  the  needs  of  the  canal.  The  real 
benefits  of  tlie  enlarged  Indian  Lake  hav(^  aeeniod  so  far  as  I  can 
see,  solely  to  the  water  powers  and  in  such  very  slight  and  almost 
inappreciable  extra  depth  of  water  for  navigation  near  Albany  as 
may  occur,  while  the  release  of  this  storage  is  going  on.  While 
the  no]!iinal  control  v(^>\<  in  tlie  State,  the  aetnal  regolation  of 
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the  sluices  is  understood  to  be  done  by  an  employee  of  the  water 
power  owners. 

The  specifications  for  clearing  the  reservoir  margin  provided 
that  "all  timber  and  brush  of  every  sort,  kind  and  description  now 
standing  on  the  banks  of  Indian  river  or  Indian  lake  above  the 
site  of  the  proposed  dam  and  between  the  present  margins  of 
the  said  river  and  a  line  above  the  proposed  flow  line,  should 
be  cut  to  tvithin  tiro  or  three  feet  of  the  ground  and  thoroughly 
burned,"  etc. 

It  is  of  interest  to  note  that  Mr.  Rafter  had  recommended  in 
the  report  of  1895  that  all  standing  timber,  undergrowth  and 
brush  be  "  cut  down  to  the  ground  and  burned." 

It  was  found  extremely  diflScult  to  burn  the  bodies  of  the  trees 
and  so  it  is  said  it  was  concluded  not  to  attempt  to  bum  the  heavy 
logs,  but*  so  far  as  possible  to  float  them  out  after  the  reservoir 
had  become  full. 

It  is  stated  afterward  by  Mr.  Rafter  that  "  no  such  extended 
clearing  of  reservoir  margin  in  the  forest  area  had  previously  been 
carried  out  in  the  State,  and  that  every  attempt  had  been  made  to 
have  the  clearing  at  Indian  Lake  well  done,  and  that  the  uou- 
completion  of  the  burning  during  1898. was  due  entirely  to  con- 
.stant  rains  during  the  months  of  October  and  November." 

It  is  stated  p.  398,  the  contract  price  for  cutting  and  burning 
was  $13.50  per  acre,  which  was  rather  low.  The  soft  wood  of 
commercial  sizes  had  long  ago  l)een  closely  cut  and  rafted  out,  and 
the  larger  trees  left  were  chiefly  hardwood,  which  does  not  float 
or  cannot  be  rafted  downstream. 

The  method  finally  adopted  was,  as  described  by  Mr.  R.  E. 
Horton,  Asst.  Engr.,  that  *^  after  cutting  into  proper  lengths  for 
burning  the  brush,  etc.,  the  large  trunks  are  to  be  left  until  after 
the  reservoir' is  completed  and  filled,  after  which  the  hardwood 
and  softwood  logs  will  separate,  the  former  remaining  at  the 
bottom  and  out  of  the  way,  while  the  floating  softwood  will  be 
rafted  down  the  lake  and  sluiced  through  the  dam  in  the  same 
manner  as  logs  intended  for  lumber,  after  which  it  may  be  allowed 
to  take  care  of  itielf  as  driftwood  in  the  stream,"  to  later  be  caught 
ia  tibe  log  Imbi  jAove  Glens  Falls  and  cut  into  Arc  wood  for  the 
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iliich  difficulty  was  found  in  the  burning  on  the  narrow  ma^ 
gins  without  permitting  the  fire  to  work  up  the  slope  and  back 
into  the  forest,  particularly  in  cases  where  the  spruce  duff  covered 
the  ground  sometimes  to  a  depth  of  several  feet.  The  plowing 
of  furrow^s  as  specified  for  fire  guards  outside  the  limits  was  in 
many  places  inapplicable  because  of  boulders  and  rough  ground, 
and  where  the  duff  and  vegetable  mold  was  thick,  a  space  had  to 
be  c]inre<l  by  moans  of  grub  hoes  t'r>r  a  width  of  at  least  thirty- 
thrc e  feet  back  from  the  standing  timber  and  the  brush  piled  for 
burning,  back  of  this  line. 

I  have  quoted  thus  extensively  from  the  reports  of  the  engi- 
mers  under  whom  the  Indian  Lake  reservoir  was  constructed, 
because  of  having  myself  inspected  the  margins  of  this  reservoir 
during  the  past  summer  in  company  with  the  members  of  your 
board,  wdien  I  found  the  presence  of  stumps  left  by  this,  cutting 
at  two  or  three  feet  above  the  suface  of  the  ground  so  unsightly 
and  so  dangerous  to  pleasure  boating  w^hen  the  lake  is  partially 
drawn  (as  it  naturally  wx)ul(l  be  during  August  and  Septembt^r) 
that  it  appears  important  to  emphasize  as  strongly  as  possible 
that  a  more  exacting  specification  shoubi  be  made,  and  lived  up  to, 
in  the  case  of  other  storage  n  scrvoirs  permitted  within  the  Arli- 
rondack  Park,  or  wherever  euiistrueted  i^ubjc^ct  to  State  contrul. 

Stokagk  Draft   fkdm   Indian  Lake. 

The  records  of  the  daily  height  in  Indian  Lake  above  the 
bottom  of  the  sluice  ways,  have  l)een  presented  from  year  to  year 
in  the  reports  of  the  State  Engineer  and  in  the  Water  Supply 
papers  of  the  T.^.  S.  (ieologieal  Survey,  l)ut  no  record  of  outflow 
has  l)oen  published. 

In  a  publish(»d  description  of  the  dam  iind  sluices,  it  is  stated 
that  the  preliminary  estimate  of  di^clmrii'e  for  the  two  gates  fmiii 
a  full  reservoir  was  1,400  cubic  f(  et  per  second,  but  that  it  was 
not  expected  to  draw  more  tliini  1,000  cubic  feet  per  second. 

In  analyzing  the  yield  of  the  severnl  pr.rtions  of  the  Hudson 
drainage,  it  is  important  to  know  what  jortion  of  the  flow  is  from 
time  to  time  coming  from  thi^  Indian   Lake  storage. 

AVe  find  by  metliods  as  described  later,  that  the  actual  rate  of 
draft  a<'ldom  exceed>=<  750  and  r  averages  about  600  feet 

for  a  total  of  somewhat  more  t\i8  ^t  ^^.^^^vcvi  tkat  it  is 
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drawn  on  nearly  as  often  in  midwinter  as  in  midsummer,  and  the 
record  of  what  has  actually  happened  here  is  of  interest  as  indi- 
cating the  probable  time  and  extent  of  drawing  future  reservoirs 
built  solely  for  storage  purposes  and  for  showing  to  what  extent 
they  would  serve  in  flood  control. 

I  have,  therefore,  attempted  jip])rc)xiniate  preliminary  computation  from 
such  data  as  were  avaihible,  and  lindin;?  that  the  data  on  file  were  contra- 
dictory and  incomplete,  have  had  Mr.  (ieo.  O.  Shedd,  C.  E.,  visit  the  lake  to 
take  such  measurements  of  the  parts  affecting  the  discharge  as  could  be  made 
in  midwinter,  with  the  lake  full. 

The  published  statements  of  storage  capacity  of  Indian  Lake  at  various 
Iieights  are  incomplete  and  perhaps  rest  on  crude  measurements.  An  accurate 
contour  map  of  the  lK*d  on  large  scale  should  be  made  and  a  table  of 
capacity  at  various  depths  prepared.  A  survey  on  the  ice  with  sounding** 
at  frequent  intervals  could  be  cheajily  made.  We  did  not  have  time  to 
attempt  this,  but  have  relied  on  the  few  statements  of  capacity  at  various 
levels  found  scattered  in  various  reports  and  have  drawn  a  diagram  from 
them  for  present  purposes. 

Mr.  Shedd  finds  that  the  elevations  of  lK)ttom  of  discharge  openings,  corre- 
sponding to  the  elevations  marked  on  the  U])per  portion  of  the  gage  staff  now 
in  use,  are  as  follows: 

Stone  crest  of  spillway    (total  net  length   88.5  ft.) 33.23   ±  0.15 

Average  crest  of  flashboards  (»   inches  wide  four  bays 33.75   ±  0.15 

Average  crest  of  flashboards  12  inches  wide  one  bay 34.20   ±  0.15 

Crest  of  small  logway  10.0  ft.  wide 31.76 

Crest  of  large  logway   15.7   ft.  wide  • 23.41 

Top  of  main  masonry   dam 40.55 

No  record  of  height  of  flashboards  is  kept.  These  are  changed  occasionally. 
Those  now  on  are  of  irregular  width. 

Tlie  spillway  contains  two  bays  less  length  than  shown  on  plans  on  file. 
The  bays  are  of  length  averaging  17.70  feet  each. 

The  two  iron  sluice  gates,  set  new  last  year,  have  their  center  at  zero  of 
the  upper  porticm  of  the  gage  staff,  as  nearly  as  could  be  determined  under 
the  full  reservoirs  and  inability  to  close  one  of  the  guard  gates  found  at  the 
time  of  Mr.  Shedd's  visit,  so  the  piiblislied  lake  level  gives  the  static  Jieiid  on 
center  of  main  sluice  gate  very  nearly. 

The  top  j)ortion  of  present  stniT  is  legible  and  has  metal  f(M»t  figures  and 
metal  staples  for  the  inch  murks.  T'le-e  are  said  to  have  been  set  several 
years  ago  by  Mr.  R.  E.  Tlorton.  The  middle  and  lower  portions  of  the  staff 
are  said  to  have  l>ecome  illegible  so  that  when  lake  level  i-^  l)elow  thirty- 
tiiree  feet,  measurements  are  now  made  witli  fragments  of  cloth  tape,  measur- 
ing down  from  top  of  gage,  in  a  way  liable  to  introduce  oceasional  error. 
Tiie  recorded  rise  of  about  seven  feet  in  one  day  on  Sejjtemlwr  30,  1004,  is 
plainly  a  mistake,  which  from  the  daily  course  of  the  records  must  have 
continued  over  a  long  period. 

The  .metal  figures  are  understood  to  have  not  been  attached  to  gage  l>elo\v 
thirty-three,  because  of  height  of  water  at  the  time,  and  there  are  ^\o\\\^*i^ 
for   thinking   there   may   have   been    some    changi*   made   iivnu   W\^   o\\^wv5\ 
htigttSf   at   date   unknown^    because    it    is    stated    repeaVevWy    \w   X-V^   ^W*^^ 


Th*  taht  t»Mli  or  wmfmr  pvflu  ft*  fMw  nctt^ 

tlH  i4*^dtocJw«i  IX ally  mrmm^MfmrrnvmHtmn 

tty  nvH  ft*  rtfa  Mtwfenhr  t4*ivW  liiiiitfit  if 

■■«■  RflTn  r^t*  cent  put*d  in  m^rtsd  4rt 
TM  brrt  of  hw>|Htt 
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From  the  recent  topographic  maps  of  the  U.  S.  Geological  Survey,  we  find 
the  drainage  area,  including  the  lake,  is  131  square  miles  instead  of  the  146 
that  has  been  published. 
Calling  total  capacity  of  Indian  Lake  4.7   billion  cubic  feet,  this  would 
4,700,000,000 

supply  for  100  days  ==  544  cubic  feet  per  second  in  addition 

86,400  X  100 
to  the  inflow  meanwhile. 

Calling  the   evaporation   loss   5   inches   in  each   of   the   months  July  and 
August,  this,  on  an  area  of  3,500  acres  as  partly  drawn,  would  be  equivalent 
3,500  X  43,560  x  5 

to  =  24  cu.   ft.  sec,  but  the  inflow  from   131   sq.  miles 

12  X  30  X  86,400 
at,  say,  0.18  cu.  ft.  sec.  per  sq.  mile  in  any  but  the  most  extreme  drought 
would  be  24  cu.  ft.  sec.  and  would  kiffeg  tiTfe 'lake  trohi"  loVering  by  evap- 
oration, j . 

The  full  contents  of  the  reservoir,  if  ^.V^ttfion  galtona,  would  be  filled  by 
a  run-ofl*  equivalent  to  15.7  inches  i^  depth,  from  the  watershed  of  131  sq. 
iftiles.  J        „.,    .  t-;^.   .-r-  -  ,v 

The  daily  heights  in  the  lakeal  -piiBITgfajsd.m  the  State  Engi- 
neer's report  have  been  plotted  in  a  diagram  on  plate  5  and 
on  the  same  sheet  is  given  such  information  as  we  have  been  able 
to  work  out  regarding  the  times  and  rates  of  storage  draft  in  each 
of  the  recent  years. 

On  the  same  sheet,  the  roughly  approximate  diagrams  that  we 
have  used  for  computing  the  discharge  of  sluices  and  logways  are 
presented  for  use  until  something  better  is  available  and  a  capacity 
curve  of  the  lake  for  various  gage  heights  is  plotted  on  same  shec^t, 
prepared  from  such  few  statements  of  ^'olume  at  given  heights  as 
could  be  found  published. 

The  computations  of  outflow  have  been  made  in  two  ways, 
and  the  results  agree  in  a  general  way  in  showing  that  a  discharge 
of  not  far  from  600  cu.  ft.  per  second  is  commonly  maintained 
for  about  three  to  four  months  in  all,  or  from  90  to  130  days, 
and  it  is  of  particularlar  interest  to  note  that  this  storage  is  as 
commonly  drawn  upon  in  January  and  February  as  in  mid- 
summer. 

lumbeemen's  storage. 

Tt   should  be  remembered  in   studying  records  of  low  water 
gagings  of  the  Hudson,  that  there  is  still  more  or  less  control 
of   sundry   lakes    by   lumberman's    dams    for    purpose    of    log 
.driving,  and  although  according  to  the  topograi^hvc^  txv^'q  >^^ 
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areas  that  can  possibly  be  flowed  are  small  and  the  dams  are 
probably  low,  the  outflow  when  the  dams  are  "  tripped "  may 
exercise  an  appreciable  influence  for  a  few  days  upon  the  quan- 
tity flowing  in  the  river.  Since  these  dams  are  in  part  owned 
by  the  owners  of  mills  on  the  river  below,  these  old  reservoirs 
may  perhaps  be  sometimes  utilized  outside  the  log  driving 
season  to  assist  in  furnishing  water  for  power.  Piseco  Lake,  for 
example,  is  under  some  storage  control.  In  the  work  of  the 
coming  season,  all  these  matt<^rs  of  the  storage  control  now  pos- 
sible upon  the  Adirondac]?  streams  should  be  investigated  for 
purpose  of  completeness  of  the  record.  Plainly,  they  can  exert  no 
substantial  effect  in  tho  monthly  averages  of  flow  past  the  gaging 
stations. 
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WATER  POWER  ESTIMATES. 


The  five  main  questions  of  data  required  for  measuring  the  magnitude  and 
ralue  of  a  water  power  project  are: 

1.  The  quantity  of  water  that  flows  in  the  river. 

2.  The  extent  to  which  uniform  flow  can  he  secured  by  means  of  storage 
reservoirs. 

3.  The  height  of  fall  available  for  power. 

4.  The  cost  per  horse  power  of  development. 

5.  The  market  for  the  power. 

We  will  consider  these  questions  in  their  order  and  present  the  data  and 
proofs  as  briefly  as  will  make  the  basis  of  our  estimates  plain;  first  in  rela- 
tion to  the  Sacandaga  project  and  second  in  reference  to  the  Genesee  project. 

I  have  taken  much  care  to  make  certain  about  the  quantity  of  water  avail- 
able in  time  of  drought  and  of  the  extent  to  which  this  can  be  regulated  by 
storage  and  to  confirm  this  data  from  various  independent  sources. 

In  order  to  determine  the  flow  of  the  Sacandaga,  I  have  relied  mainly 
upon  the  published  records  of  the  Hudson  river  gagings  maintained  day 
by  day  for  twenty  years  at  Mechanicville  for  the  paper  mills  formerly  of 
the  Duncan  iCk>.,  now  owned  by  the  West  Virginia  Pulp  and  Paper  Co.,  under 
the  able  and  painstaking  supervision  of  Mr.  £.  P.  Bloss,  C.  £.,  but  have 
allowed  for  the  greater  rainfall  and  run-ofl'  of  the  Sacandaga. 

As  the  first  step  in  these  estimates,  it  was  assumed  that  since  the  drainage 
area  of  the  Sacandaga  above  Conklingville  is  about  1,050  square  miles,  while 
that  of  the  Hudson  above  Mechanicville  is  4,500  square  miles,  the  Sacandaga 
yield  will  be  J§5o==23.3  per  cent,  of  the  Mechanicville  yield. 

For  comparison  and  confirmation,  we  have  made  use  of  twelve  years'  daily 
gaging  of  the  Hudson  at  Ft.  Edward  where  the  flow  is  from  2,800  square 
miles,  and  have  further  confirmed  the  Mechanicville  data  by  comparison  with 
several  years'  record  of  daily  measurements  on  two  other  adjacent  tributaries 
of  the  Hudson,  the  Schroon,  having  503  square  miles,  and  the  Hoosic,  which 
has  a  drainage  area  of  579  square  miles  above  its  gaging  station  at  Buskirk. 

For  each  of  these  four  Hudson  branches,  we  have  determined  the  greatest 
continuous  flow  possible  in  various  periods  of  draught  and  the  corresponding 
volume  of  storage  required,  by  means  of  "  the  mass  curve  method,"  which  is, 
I  believe,  by  far  the  most  accurate  method  for  computing  storage  requirements. 

A  further  confirmation  of  our  estimates  of  river  flow  and  reservoir  deple- 
tion is  found  in  a  comparative  study  of  the  records  of  rainfall  and  run-oflf 
from  the  Croton  with  the  rainfall  upon  the  Sacandaga. 

The  rainfall  records  kept  for  years  at  various  stations  around  the  head 
waters  of  the  Sacandaga  and  the  Hudson  show  plainly  that  the  Sacandaga 
drainage  is  certainly  more  prolific  per  square  mile  than  the  area  above 
IftBchanicyille  as  a  whole,  and  so  finally  an  adjustment  for  this  larger  rainfall 
and  mn-off  per  square  mile  of  the  Sacandaga  compared  with  the  other  tribu- 
tulm  hai  been  made. 
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All  of  th«M  aouroes  of  information,  the  Mechanicville  gagings,  the  Fort 
Edward  gagings,  the  rainfall  studies  and  the  comparison  of  yield  per  square 
mile  with  the  yield  of  the  Croton  and  other  drainage  areas  from  which  the 
daily  flow  has  long  been  gaged,  are  found  to  confirm  one  another  remarkably 
well,  as  will  appear  in  the  following  pages,  and  as  a  result  of  the  work  of 
the  past  few  months  in  studying  the  various  records,  we  can  now  predict  the 
discharge  available  under  various  conditions  from  the  proposed  Sacandaga 
reservoir  accurately  enough  for  all  practical  purposes,  and  the  present  esfi- 
mates  of 'quantity  of  power  available  rest  on  a  much  more  full  and  relu^U 
foundation  than  is  ordinarily  available  when  planning  a  great  potter 
development. 

The  sources  of  data  and  the  results  concerning  this  available  Sacandaga 
flow  will  next  be  described,  with  only  such  fullness  as  is  needed  to  make 
clear  the  reliability  of  the  evidence  and  the  methods  of  estimating. 

Gaqinqs  of  Hudson  at  Mecuanicvillk. 

The  records  which  I  have  used  for  the  monthly  flow  of  the  Hudson  and  iti 
tributaries  at  Mechanicville,  Ft.  Edward  and  Warrensburg  and  Buskirk,  an 
found  in  the  annual  reports  of  the  State  Engineer  and  in  various  water  supply 
papers  of  the  U.  S.  Geological  Survey  and  in  Rafter's  Hydrology  of  New 
York  and  in  advance  copies  of  the  records  of  the  past  year  kindly  furnishad 
me  by  the  U.  S.  Geological  Survey,  by  the  State  Engineer  and  by  Mr.  £.  P. 
BI08S,  the  Engineer  in  charge  of  the  water  power  of  the  West  Virginia  Pulp 
and  Paper  Co.  at  Mechanicville. 

From  October  1,  1887,  to  November,  1897,  the  estimates  of  Hudson  flow  at 
Mechanicville  were  computed  under  the  supervision  of  Mr.  George  W.  Rafter 
from  notes  placed  at  his  disposal  by  the  mill  owners.  For  later  years,  th« 
records  and  estimates  have  been  made  under  supervision  of  Mr.  Bless, 
Engineer  of  tlie  West  Virginia  Pulp  and  Paper  Co.,  the  present  owner  of 
this  power  site  and  paper  mill. 

The  daily  gaging  comprises  an  estimate  of  the  flow  passing  over  the 
crest  of  the  stone  dam  from  gage  readings  said  to  be  taken  twice  each  day 
and  an  estimate  of  the  quantity  passing  through  each  of  the  numeroui 
turbines  of  tlie  adjacent  paper  mill,  made  up  from  a  record  of  the  number  of 
hours  run  by  each,  the  head  acting  on  the  turbine  for  that  day  and  a  stat^ 
ment  of  the  discharge  of  a  turbine  of  tliis  size  under  this  head,  given  by  the 
manufacturer  of  tlie  turbines.  Most,  if  not  all,  of  these  turbines  are  for- 
tunately of  models  and  sizes  wliicli  liave  been  accurately  tested  in  the 
Holyoke   testing  flume. 

CiiKCK  Mkasurements  on  Tubhine  Flow  at  MEcriANicviixE. 
As  confirmation  of  accuracy  of  tliese  turbine  discharge  tables  for  wheels 
long  in  use,  it  is  stated  that  a  test  made  at  the  mill  by  Mr.  Bloss,  Engineer 
of  the  com!j)any,  of  a  twenty-nine  inch  Hercules  wheel  in  use  eight  yean. 
showed  the  actual  discharge,  when  run  at  speed  of  greatest  efficiency,  to  be 
substantially  as  given  in  the  manufacturer's  tables. 


Note.— Se(;  report  Ntw  York  State  Engineer  for  1906,  pase  677;  see  Rafter  Hydroloff 
of  Nfw  York,  1905,  page  365;  see  also  reports  of  U.  &  Geological  Survey  Water  Sum 
Paperfi  No.  2U2.  page  19;  No.  166,  page  19;  No.  120.  pifi  »:  ^O*  97,  page  222;  NoiO 
page  102;  No.  65,  page  49;  No.  35.  page  24. 
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For  further  conflrmfttion  of  the  accuracy  of  the  turbine  discbarge  tables, 
Kfend  eheek  gagitjga  by  eurrent  met<?r  have  been  tiijide  nt  the  Toll  Bridge 
m  ftbort  distant^e  down  stream  from  the  paper  miO  at  times  when  no  water 
iiras  paaiing  over  the  dam^  as  foilows: 

On  page  581,  New  York  State  Engineer's  report  for  1005,  it  is  Etat«d 
that  October  10,  1905^  the  discharge  hy  regular  mill  reeord  waa  5>18l  cubic 
feet  per  se^^ond,  while  diieharge  by  current  meter  gaging  was  4,900  cubic  feet 
per  eecond.  Thig  eompariaon  givea  an  excess  by  turbine  record  of  about  5 
per  cent* 

On  October  20,  1900,  another  comparison  was  madef  wliich  ia  reported  in 
U.  S,  Geological  Survey  Water  Supply  Paper  No.  65  for  1901.  The  check 
measurement  by  current  meter  at  Toll  Bridge  showed  1,871  cubic  feet,  but 
ihia  measurement  was  not  regarded  aa  very  reliable  because  of  slack  wat^r* 
&C«anwhile  the  discharge  com;|>uted  from  the  turbine  recordji  was  1,977  cubic 
feet,  or  about  5  per  cent,  greater, 

U  m  deglrable  that  further  test  meaanrementi  of  tbia  character  be  made 
IP  time  of  drought,  for  on  eerfttiit  DfYCiWrtorwi  iht?  utiuimitm  fhtw  in  tiffie  of 
drtttM^hl  given  in  the  Mechani&inih  rt'cortU  is  renuirkahhj  lartje  nnd  much 
larger  than  the  estimntes  already  quoted  from  tlie  t>n3ua  re|Mkrt  on  page  65. 

Moreover,  on  trying  to  analyze  the  sources  of  the  large  rtow  recorded  at 
Meebanicville  in  the  last  of  August  and  the  first  of  September,  1907,  in 
Tiew  of  our  g;igings  on  the  tributaries  and  our  estimates  of  Indian  lake  dia- 
•charge,  I  am  unable  to  find  where  so  large  a  How  all  came  from.  Certtiin 
TCeorda  made  at  the  electric  power  atations  at  Spier  Fails  and  MechanifviUe 
»l»o  show  lower  flow«  in  the  drought  of  19D7   than  are  given  by  the  standard 

Prds  from  the  paper  mill. 
AOCTRACY  OF  MEASUEEMENTa  OviilB   MECnANlCVlLLE  DAM. 

Tb«  pretent  conditions  for  accuracy  in  measuring  the  flow  over  the  dam  at 
Mechanic ville  are  exoellent.  Tlie  dam  is  of  maaonry  on  a  ledge  foundation 
And  has  a  roundedt  level  concrete  cre^t,  added  in  the  Bummer  of  1904,  and 
new  discharge  tables  for  this  crest  have  been  prepared  based  upon  ex  peri- 
^Bienta  made  at  the  Hydraulic  Laboratory  of  Cornell  University,  (it  is  not 
■tilted   if  the  model   wns   precisely  similar), 

Mr.  C.  Ep  Parsons,  Chief  Engineer,  Hudson  River  Electric  Power  Cc^  has 
mtiited  to  me  that  be  has  repeatedly  looked  into  the  matter  of  the  gagingi 
at  Mechanicville  and  regard *5  them  as  verj'  accurate.  He  further  states 
Ills  belief  that  the  crests  of  the  river  dams  at  Mechanicville  and  at  Fort 
^Sdward  are  seldom  obstructed  by  driftwood  so  as  to  interfere  with  accuracy 
of  gaging,  and  that  he  has  found  the  Mechanicville  crest  particularly  fre** 
ffotn  obatmction  of  that  kind. 

Prior  lo  the  summer  of  1904,  the  Mechanicville  dam  had  a  flat  masonry 
crest  about  seven  of  eight  feet  in  width,  inclrning  downward  upstream  on 
m  slope  of  about  one  in  eight,  as  shown  in  the  sketch  In  N,  Y.  Hydrologj 
IPOS,  page  366. 

it   in  stated  in  the  published  records  referred  to  abovei  that  for  the  yeart 
from   1399  to  1904  the  discharge  was  computed  by  the  Francis  dam  formula 
(This   formula  would   apply   accurately   only    at   those   times    when   the   flash 
Wards  w^re   removed^  which  presnimably  is   the  case  only  m  Unvt  ^^i  fts»^ 
[iwit  it  is  itated  that  the  fame  formula  wat  used  at  tim«a  ^w'^eii  ^a.^  ^3«lfe,T^% 
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were  in  place.  When  the  flash  boards  were  in  perfect  condition,  this  would 
give  a  slight  overestimate  which,  however,  would  be  offset  by  the  leaka^ 
of  the  flash  boards  at  other  times  and  by  their  being  occasionally  some^ 
what  bent  over. 

For  the  twelve  years  1888-1899,  it  is  stated  that  during  the  period  when 
flash  boards  were  off  the  flow  over  the  dam  was  computed  by  the  Mullen 
formula  of  the  East  Indian  engineers.  I  doubt  if  this  formula  applied  so 
accurately  as  the  Francis  dam  formula.  For  that  part  of  the  year  when 
flash  boards  were  in  use,  Mr.  Rafter  used  the  Francis  formula  for  a  riisrp 
edged  weir,  which  is  doubtless  the  most  accurate  of  any  that  could  be 
applied    to   this   condition. 

Comparing  the  mean  monthly  flow  for  the  years  1898  and  1899  as  com- 
puted under  supervision  of  Mr.  Rafter  from  the  East  Indian  formula  and 
the  weir  formula  as  juat  described,  with  the  results  of  computations  madfl 
for  the  same  years  under  Mr.  BIoss  day  by  day  with  the  Francis  dam 
formula,  the  discrepancy  in  monthly  means  seldom  exceeds  6  per  cent  in 
any  one  month,  and  taking  the  whole  year  through,  the  flow  as  computed 
by  the  East  Indian  formula  with  flash  boards,  averages  about  2  per  cent 
greater  than  for  the  computation  by  the  Francis  dam  formula. 

During  the  seventeen  yeari*  of  gaging  prior  to  the  summer  of  1904, 
there  is  perhaps  a  little  occasional  uncertainty  about  leakage  through  the 
flash  boards  and  probably  the  actual  flow  would  therefore  equal  that 
recorded,  notwithstanding  the   diff'erence   in   formulas. 

Since  in  1904  when  the  flash  boards  were  abandoned  due  to  the  addi« 
tion  of  the  roundpd  concrete  cre.«t,  papinpr  of  the  portion  of  the  river  dii- 
charge  that  flaws  over  the  dnm  is  presumably  very  ao>curate. 

The  uncertainties  and  difTerence^  due  to  the  different  formulas  used  in 
the  previous  years  are  less  than  the  probable  errors  introduced  by  the  tur- 
bine measurement,  lliose  errors  may  be  due  to  turbines  being  not  alwayi 
run  at  full  gate,  and  due  to  the  leakajre  throupjh  those  turbines  that  are  shut 
down.  There  is  douT)tloss  at  times  some  retardation  of  flow  due  to  ice  or 
other  obstruction  upon  the  forobay  soreons  or  in  the  turbines. 

The  writer  hippens  to  have  had  about  ten  years*  experience  in  making 
daily  estimates  of  rivrr  flow  under  somewhat  similar  circumstances,  and  where 
great  pains  were  tnVen  to  confirm  the  results  of  turbine  measurement  by 
independent  methods  of  prJifrinj?.  and  from  this  experience,  although  no 
proof  can  be  piven  as  to  the  precise  marp^in  of  error,  he  inclines  to  the 
opinion  that  because  of  uncerf ninlios  about  the  turbines  and  flash  boards, 
although  occasionnl  errors  would  balance,  the  precision  of  measurement 
attained  in  the  Mechnnicville  GnjTinpr  as  a  whole,  through  turbines  and  over 
dam,  cannot  be  relied  on  a«»  closer  than  5  per  cent,  for  the  average  of,  say, 
a   three  ye.nr  term   as   used    in   the   mass   curve. 

For  the  averr^ce  of  a  sincrle  week,  errors  of  10  per  cent,  are  not  im* 
probable,  particularly  in  the  period  prior  to  the  summer  of  1894,  at  which 
time  ih^.  masonry  cre^t  replnced  the  flnslibonrds  on  the  dam,  and  for  single 
dnvs  there  is  a  poo^ibilifv  of  still  Hrprer  error.  Tt  is  to  be  borne  in  mind 
that  the  two  cheok  meieurements  by  current  meter  found  the  method  by 
turbine  men«urement  5  per  cent,  in  excess  of  the  current  meter.  For  these 
reasons,  I  have  been  conservative  in  thr  '•timate  of  Sacandaga  power 

and   made   what    I   believe   due   allowai  lUtrgin   of  uncertainty  fa 

caUin^  the  moan  flow   available  from  MWsrjoVc  \tl^^  cohic  feet 
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per  second;  for  this  figure  in  effect  discounts  16  per  cent,  from  the  quantity 
that  is  most  probable  on  the  face  of  the  returns  after  studying  the  greater 
rainfall  on  the  Sacandaga. 

Interpolations. 

No  records  are  found  published  for  the  flow  at  Mechanicville  in  the  month 
of  January,  1902,  or  months  of  November  and  December,  1905.  To  complete 
our  record  for  the  mass  curve  computation,  an  interpolation  based  upon  the 
Fort  Edward  record  has  been  used  in  these  places,  making  due  allowance  for 
the  difference  in  drainage  areas.  Similarly  for  July,  August  and  October, 
1004,  while  the  record  at  Meclianicville  was  interrupted  during  the  building 
of  a  new  crest  on  the  dam,  the  vacancies  have  been  supplied  by  the  use  of 
the  Fort  Edwards  records. 

Diversion  for  the  Champlajn  Canal. 

The  published  record  of  Hudson  river  flows  at  Fort  Edward  and  Meciianio- 
▼ille  requires  a  small  correction  to  compensate  for  the  diversion  of  water 
for  the  supply  of  the  Champlain  canal,  and  since  the  records  previously  pub- 
lished in  the  State  Engineer's  reports  did  not  make  the  amount  of  this  cor- 
rection as  definite  as  desired,  a  special  investigation  was  made  at  my  request 
under  the  supervision  of  Mr.  H.  K.  Barrows  of  the  U.  S.  Geological  Survey, 
from  which  he  concludes  that  during  the  season  while  the  canals  are  in  use 
there  should  be  added  200  cubic  feet  to  the  Mechanicville  record  and  180 
second  feet  to  the  Fort  Edward  record.  This  accords  well  with  the  result 
of  sundry  previous  but  less  complete  gagings. 

These  corrections  of  180  and  200  cubic  feet  per  second  are  equivalent  to 
additions  of  .07  inches  depth  of  monthly  run-off  on  the  watershed  tributary 
to  Fort  Edward  and  to  .05  inches  depth  of  monthly  run-off  from  the  water- 
shed above  Mechanifcville  while  the  canals  are  in  use. 

The  length  of  the  navigation  season  according  to  the  table  given  in  page 
1,060  of  the  history  of  the  New  York  canals,  published  by  the  State  En- 
gizieer  in  1905,  during  the  period  covered  by  the  gagkigs  at  Mechanicville 
and  Fort  Edward,  has  averaged  seven  months,  opening  about  May  1st  and 
closing  about  December  1st.  These  corrections  have  therefore  been  applied 
during  the  months  from  May  to  November  inclusive,  and  are  included  in 
the  tables  on  pages  104  and  105  upon  which  the  mass  curves  of  Diagram 
No.  2  for  computing  the  Sacandaga  storage  are  based. 

The  total  diversion  into  the  Champlain  Feeder  canal  from  the  Feeder  dam 
abov«  Glens  Falls,  in  recent  years  probably  has  been  about  220  cubic  feet 
per  second,  being  now  much  less  than  in  former  years  when  as  high  as  383 
second  feet  have  been  measured   (October  8,  1895). 

This  lessening  of  the  diversion  at  the  State  feeder  dam  is  due  to  repairs 
and  to  stoppage  of  the  leaks  along  the  course  of  the  feeder  canal  through 
the  town  of  Glens  Falls. 

This  feeder  canal  supplies  the  summit  level  of  the  Champlain  canal,  and 
therefore  a  portion  of  the  water  flows  northward  into  Lake  Champlain,  and 
a  portion  flows  southward,  returning  into  the  Hudson  where  the  canal  enters 
the  river  for  the  boats  to  cross  it  above  the  Saratoga  dam. 

A  second  diversion  from  the  Hudson  occurs  into  the  canal  leading  south- 
from  the  Saratoga  dam,  and  a  gaging  made  in  the  canal  as  ^^^xVj 
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opposite  as  practicable  to  the  gaging  station  at  Mechanicville  shows  this 
to  average  about  110  second  feet,  which  added  to  the  90  second  feet  diverted 
northward  into  Lake  Champlain  makes  the  200  second  feet  of  diversion  that 
must  be  added  to  the  Mechanicville  gaging  station  when  reckoning  the  yield 
per  square  mile  from  its  watershed. 

Of  this  220  second  feet  now  diverted  from  the  Hudson,  about  90  second 
feet  flows  northward  into  Lake  Champlain,  and  although  nearly  all  of  the 
remaining  130  feet  ultimately  reaches  the  Hudson,  some  of  it  by  leakage 
above  Fort  Edward,  the  most  of  it  does  not  get  back  into  the  Hudson  until 
some  miles  below  Fort  Edward  where  the  canal  crosses  the  river.  The 
addition  necessary  to  compensate  the  Fort  Edward  gagings  so  they  will 
show  the  entire  yield  of  the  drainage  area  is  found  by  measurement  to  be 
180  cubic  feet  per  second. 


RuNorr  or  Hudson  River  at  MEcnAiacviLLB  it)B  the 

Water  Years  1888-1007,  Inclusive. 

{In  inches  depth  orcr  entire  catchment  area.) 

(Catchjuent  area  —  4,500  square  miles.) 

Corrcrled  for  canal  diversion y  May  to  November^  inclusive. 


MONTH. 


1888. 


1890. 


n.-C(^nibor :  2  Of)  ;  2 .  57  3  39 

January I  1.62  j  2.81   .  2.89 

FVhniarv :  0 .  89  I  0 . 88  t  1 . 83 

March./ |  1.75  ]  2.12  i  2.85 

April 1  5.26  3.39   ;  3.73 

May 5.54  i  2.32   I  4.64 

Storap- p^'riod !  17.11  14.09'  19.33 

.hiuv I  1.27  I  1.75   '  .    1.88 

Jtilv 0.44  ;  1.52  0.55 

Aupii.^t I  0.49   I  1.14  ,  0.57 

(Irowinp  iH'riod |  2.20  I  4.41  3.00 

Hi'pti-mbcr I  0.76  |  0.54,  2.24 

October I  1.23  I  1.01    I  2.41 

November 2 .  69  !  2.01,  2.31 

Kepleiii.shing  period.'  4.68  i  3.56  6.96 

Yearly  total |  23 .  99  i  22 .  06  ,  29 .  29 


1891. 


0 .  83 
2.12 
2.70 
4 .  55 
4.97 
1.47 


1892. 


1893. 


27 
83 
22 
80 
35 
08 


1.03 
0.82 
1.09 
2.11 
4.44 
5.76 


16.64  I      22.55   |      15.25 


1894. 


1.8.S 
1.73 
1.12 
3.78 
2  76 
1.99 


13.23 


0.52 
0.99 
1.63 


2.05   I 


20.91   I 


3.86 
33 .  43 


3.74 


3.14 


22.26 


19. 


SOME 
OiSCHARGC  CURVES 
OF 
HUDSON  RIVER  AT  MCCHANICVILLE. 

SHOWING  NUMBtROrOAY^    PCR  Y£AR 

THAT  RiVER  MAS  STOOD  ABOVE  OR  6tL0W 

KHy   GIVEN  nAT£  OF  TLOVV. 

John  R  FrecTiait. 
Con<uiTin|  tnjtr 


Since  IB99,  Flow  includes  SToraj*  Discharge 
From  ln<J(an  lake  whtich  a'«€raje»  not  fa''  from 
(rOO  tubic  feet  per  »econd,  Z4  hour»  fqr  100 


Days  in  Year. 
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Runoff  of  Hudson  Riteb  at  Meohanicvillb  fob  the 

Wateb  Yeabs  1888-1907,  Inclusive. 

{In  inchea) 

{Catohment  area  —  4^00  square  miles) 

Corrected  for  canal  diversion,  May  to  November,  inclusive. 


MONTH. 


1805. 


1806. 


1807. 


1808. 


1800. 


1000. 


1001. 


December. 
January . . . 
February . . 

March 

April 


*y 

Storage  period. 


June . . . 
July... 
Auffust. 


Growing  period. 


September. 
October. . . 
November . 


Replenishing  period. 
Yearly  total 


1.12 
0.00 
0.82 
1.08 
5.01 
1.81 


11.73 

0.75 
0.71 
1.05 


2.51 

0.70 
0.74 
2.13 


2.70 
1.74 
1.12 
3.40 
6.20 
1.23 


1.77 
1.03 
0.00 
3.13 
4.73 
3.00 


3.67 
1.07 
1.56 
5.18 
3.40 
2.88 


1.40 
1.71 
1.22 
2.47 
5.86 
2.54 


1.86 
1.50 
2.88 
1.08 
5.60 
2.35 


16.67 


14'.65 


18.66 


15.20 


16.17 


0.70 
0.67 
0.41 


1.06 
0.65 
0.74 


7.04 
.0.73 

Qjro, 

2.52 


3.30 
1.01- 
2.34 


1.78 

0.66 
0.72 
1.63 


2.45 

0.52 
0.50 
1.20 


3.06 


5.42 


2.01 


2.40 


26.54 


27.47 


10.80 


21.02 


1.36 
0.70 
0.67 
2.00 
7.03 
3.04 


14.80 


1.08 
0.06 
1.23 


4.17 

1.05 
1.13 
0.07 


MONTH. 


1002. 


1003. 


1004. 


1005. 


1006. 


1007.< 


December 

January 

February 

March 

April 

May 

Storage  period 

June 

July 

August 

Growing  period 

September 

October 

November 

Repleniiihing  period 

Yewly  total 


^  From  adYmnot 


2.16 
(0.00) 
1.58 
6.36 
3.77 
2.08 


2.11 
1.80 
8.28 
7.92 
3.47 
0.05 


1.36 
1.40 
1.64 
2.83 
5.14 
3.46 


1.00 
1.66 
0.82 
2.41 
5.64 
2.14 


(2.01) 
2.39 
1.77 
2.31 
5.11 
3.49 


16.04 

1.61 
2.33 
1.66 


18.63 


15.02 


13.67 


17.08 


2.15 
1.30 
1.66 


1.73 
(0.96) 
(1.26) 


2.30 
1.81 
1.40 


2.35 
1.53 
0.04 


5.60 

0.06 
1.81 
1.63 


6.01 

1.07 
2.64 
1.48 


3.06 


1.70 
(2.70) 
1.20 


6.60 

3.03 
1.60 

(1.04) 


4.82 

0.81 
0.91 
1.32 


6.10 
28.73 


5.60 


6.57 


26.47 


26.83 


3.04 


1.24 
2.50 
1.02 
2.41 
4.16 
3.55 


14.07 


1.54 
1.05 
0.50 


3.00 

1.34 
2.46 
3.58 


7.38 


24.04 


25.44 


of  dally  record,  kindly  furnished  by  Mr.  R.  P.  Bloss  C.  E. 
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AcouBACT  or  FoBT  Edward  Gasings. 

The  oonditiona  for  accurate  gaging  at  Fort  Edward  are  decidedly  ksi 
favorable  than  at  Mechanicville.  The  methods  followed  are  much  the  same 
at  the  two  places,  but  at  Fort  Edward  the  number  of  turbines  is  larger 
and  their  uncertainties  correspondingly  greater,  and  it  is  possible  that  the 
making  of  the  record  is  less  closely  supervised. 

The  main  source  of  uncertainty  in  the  Fort  Edward  gagings  affects  the 
results  only  in  time  of  high  water.  This  is  due  to  a  flood  spillway  whose 
crest  is  about  level  with  the  top  of  the  flash  boards,  and  which  is  of  such 
irregular  form  that  it  caused  uncertainty  in  the  computation  of  the  flow 
through  it. 

In  New  York  Hydrology,  page  375,  Mr.  Rafter  says  of  the  measurement 
through  this  flood  spillway,  that  the  computations  may  at  times  of  high 
water  be  as  much  as  .25  per  cent,  in  error.  (This  percentage  is  understood 
to  apply  only  to  the  portion  flowing  through  the  flood  spillway  and.  not  to 
the  larger  portion  over  the  main  dam  587.6  feet  long),  and  that  for  a  num- 
ber of  years,  he  was  unwilling  to  publish  the  record,  but  has  since  reviewed 
it,  recomputing  a  portion. 

Mr.  H.  K.  Barrows,  Hydrographer,  U.  S.  G.  S.,  considers  that  the  gaging 
records  at  Fort  Edward  are  probably  from  5  per  cent,  to  10  per  cent,  in 
error  at  times,  owing  to  the  large  number  of  turbines  used  in  the  record 
and  the  poor  condition  of  the  dam  for  gaging,  especially  at  its  right  end, 
but  also  states  that  the  Mechanicville  records  are  probably  accurate  inside 
of  6  per  cent.,  since  the  Mechanicville  dam  is  in  excellent  condition,  and  the 
records  of  flow  are  closely  looked  after  by  a  competent  engineer. 

In  Water  Supply  Paper  10(?,  page  18,  it  ig  stated  that  the  drainage  area 
above  the  Fort  Edward  dam  is  2,800  square  miles,  that  the  timber  dam 
rests  on  a  slate  ledge  foundation  and  has  but  little  leakage,  that  the  crest  is 
straight  and  nearly  level  and  287. 0  feet  long.  In  other  Water  Supply  papers, 
it  ia  stated  that  new  and  accurate  profiles  of  the  crest  were  made  in  1903  and 
again  in  1900,  and  used  in  determining  the  discharge.  A  photograph  of 
this  dam  is  shown  in  Xew  York  Hydrologj-,  page  628. 

In  Water  Supply  Paper  Xo.  65,  page  48,  it  is  stated  that  a  record  is  kept 
of  the  height  of  the  Hash  boards  and  of  the  heights  of  their  setting  and 
removal,  and  that  the  flow  at  that  time,  1901,  was  computed  by  the  Mullen, 
or  East  Indian  Engineers  formula. 

In  W^ater  Supply  Paper  125,  for  1904,  it  is  stated  that  for  those  periods 
while  the  flash  boards  are  ofT,  the  discharge  has  in  more  recent  years  been 
computed  in  accordance  with  exi)eriment3  made  by  the  Geological  Survey 
upon  a  model  dam  of  this  form.  With  flash  hoards  on,  the  discharge  is 
computed  according  to  the   Francis  thin  edged  weir  formula. 

In  the  dry  season,  very  little  water  passes  over  the  dam,  all  or  nearly 
all  passing  through  the  sixty-two  turbines  in  the  adjacent  paper  mill. 

These  water  wheels  are  stated  to  be  nearly  all  of  modern  ty])es  which  have 
been  tested  at  the  llolyoke  flume.  A  record  is  kept  of  the  number  of  hours 
run  by  each  turbine  and  of  the  working  head,  which  is  usually  nineteen  feet 
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Check  measurements  have  occasionally  been  made  by  current  meter  at  a 
bridge  downstream  from  the  Fort  Edward  water  power.  In  Water  Supply 
Paper  U.  S:  G.  8.,  page  48,  it  is  stated  that  check  measurement  made  July  26, 
1000,  by  current  meter  at  bridge  below  dam,  showed  2,704  second  .feet,  while 
the  computed  discharge  from  turbine  diagrams  varied  from  2,420  to  2,720 
cubic  feet,  the  average  by  the  turbine  diagrams  thus  being  6  per  cent,  less 
tlian  by  the  current  meter  gaging. 

There  are  a  few  obvious  errors  in  the  Fort  Edward  record,  viz.,  the 
monthly  flows  for  December  1897,  and  December  1898.  For  these  periods, 
interpolations  based  on  the  Mechanicville  gagings  have  been  used. 


Run-off  of  Hudson  River  at  Fort  Edward  fob  the 

Water  Years  1896-1907,  Inclusive. 

{In  inches  depth  over  catchment  area.) 

{Catchment  area  —  2,800  square  miles) 

Corrected  for  canal  diversion »  May  to  November,  inclusive. 


MONTH. 

1896. 

1897. 

1898. 

1899. 

1900. 

1901. 

D^oember 

1.97 
1.40 
0.96 
2.62 
6.46 
1.68 

2.61 
0.65 
0.64 
2.32 
5.05 
3.87 

1.12 
1.51 
5.75 
4.11 
2.93 
3.00 

(1.40) 
1.95 
0.70 
2.05 
6.69 
3.90 

2.12 
1.32 
2.64 
1.61 
6.74 
2.68 

2  19 

January      

0  76 

February 

0.67 

Iftarch 

1.41 

April r 

8.46 

iSy.... ::.:::!....!.: 

3  62 

Storaae  ueriod 

15.09 

1.55 
1.17. 
0.61 

15.14 

3.95 
3.67 
2.82 

18.42 

1T47" 

0.63 

1.25 

16.67 

17.11 

16.00 

Jiin6 

0.70 
0.54 
0.37 

1.20 
0.58 
0.75 

2  67 

July   

0.97 
1   10 

AuiTUSt T                    

Growing  period 

3.33 

10.44 

3.35 

1.61 

2.63 

4  64 

September 

0.70 
1.45 
3.56 

0.65 
0.64 
3.07 

0.87 
1.45 
2.18 

0.60 
0.49 
2.10 

0.61 
0.57 
2.09 

1  06 

October 

1.17 
0.92 

November 

R<ir>lpni«hlng  D<*riod 

5.71 

4.36 

4.50 
26.27 

3.10 
21.49 

3.17 
22.81 

3.15 

Yearly  total 

24.13 

29.94 

24.69 
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MONTH. 

1W2. 

1903. 

1904. 

1005. 

1906. 

1907. 

December 

1.96 
0.99 
0.82 
6.47 
2.81 
2.00 

2.03 
1.63 
1.95 
7.02 
2.64 
1.12 

1.46 
2.02 
1.27 
2.88 
6.38 
4.29 

0.93 
1.17 
0.83 
1.83 
7.08 
2.51 

2.01 
3.12 
1.96 
2.56 
6.49 
4.63 

1.42 

January 

3.13 

February 

1.27 

March  .:.........:..::.:::: 

2.79 

April 

5.35 

May....:.:.:::......;.:::::: 

4.66 

Storage  period 

14.05 

16.19 

18.30 

14.36 

20.77 

18.62 

June 

1.78 
3.03 
2.02 

2.94 
1.96 
1.91 

2.10 
0.98 
1.28 

3.66 
2.76 
1.59 

2.94 
2.16 
1.22 

1.76 

July 

1.18 

August 

0.77 

Growing  period 

6.83 

6.80 

4.36 

8.00 

6.31 

3.71 

September 

1.05 
2.05 
2.16 

1.30 
2.82 
1.66 

1.17 
2.72 
1.21 

3.69 
1.86 
1.94 

1.26 
1.36 
1.84 

1.46 

October 

3.08 

November 

4.15 

Replenishing  period 

6.26 

5.67 

6.10 

7.39 

4.46 

8.71 

Yearly  total 

26.14 

28.66 

27.76 

29.74 

31.53 

31.04 

G  AGIN  OS  OF   SCUBOON   RiVEB  AT   WaBBENSBUBG. 

There  is  available  a  record  of  the  flow  of  the  Schroon  for  a  few  years, 
which  is  probably  much  less  precise  than  that  at  Mechanicville  and  some' 
what  less  precise  than  the  Fort  Edward  record,  but  since  the  Schroon  is 
one  of  the  largest  tributaries  of  the  Hudson  and  comes  from  a  watershed 
of  somewhat  dilFerent  characteristics,  where  according  to  the  isohyetal  maps 
the  rainfall  is  somewhat  less  than  for  the  Sacandaga  or  the  central  and 
nior^  elevated  portions  of  the  Adirondack  plateau,  it  has  appeared  wise  to 
make  the  best  possible  comparison  of  the  Schroon  and  Fort  Edward  gagings 
as  one  more  check  upon  our  estimates  of  the  Sacandaga  yield. 

The  gaging  of  the  flow  of  the  Schroon  is  said  to  have  been  begun  in 
November  1895,  in  connection  with  studies  for  Adirondack  storage,  reported 
upon  in  the  N.  Y.  State  Engineer's  report  for  that  year. 

The  State  En^jfinwr's  report  for  1001.  pa;j^e  541,  presents  records  of  daily 
flow  from  November  1895  to  December  1901,  and  gives  a  description  of  t'ne 
gagings,  substantially  the  same  as  that  found  in  U.  S.  G.  S.  Water  Supply 
Paper  No.  65,  page  45. 

In  U.  S.  G.  S.  Water  Supply  Paper  No.  82,  page  100,  the  daily  flows  are 
given  for  January,  February,  and  March,  1902,  and  it  is  stated  that  owing 
to  a  change  in  management,  the  data  for  the  rem.iinder  of  the  year  were 
not  available  at  time  of  publication.  Water  Supply  Paper  No.  97,  page  222. 
states  that  records  were  maintained  during  1903  under  the  supervision  of 
R.  E.  Horton,  Ilydrographer,  but  publication  was  withheld  awaiting  addi- 
tional data  to  confirm  results. 

The  original  record  is  understood  to  consist  of  a  single  daily  measure- 
ment of  depth  flowing  over  the  dam  of  the  pulp  mill  at  Warrensburg  and  a 
daily  record  of  the  hours  run  by  the  turbines. 

Tlie  mill  dam  was  of  timber,  was  built  in  1893,  and  stated  in  Water 
Supply  Paper  No.  35,  page  58,  to  thep  "  tight  as  any  of  its  kind," 
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but  Mr.  W.  Gr€«uakh,  then  assistant  to  Mr.  Rafter,  considered  the  eatl^ 
101,168  of  flow  at  Warren sburg  vitinted  by  the  leakage  through  this  dam 
uid  hj  the  eluiiLges  of  the  fla»h  boards  upon  it.  It  appears  probable  that 
this  Icftkage  ineFeased  from  ^ear  to  year. 

Mr*  (^.  W.  Rafter  in  New  York  Hydrology  1905,  pages  400-403  gives  a 
aummary  of  the  records  for  the  Schroon  and  atntes  that  at  the  time  of  hia 
inspection  in  October,  13t15,  with  the  pulp  mill  &hut  down  and  the  Starbuck- 
vUle  dam  tightly  closed^  the  bed  of  Schroon  river  below  Wnrrensburg  was 
ncnrly  dry,  tbe  (low  not  exceeding  one  to  two  cubic  feet  per  second.  He 
•iates  that  reports  indicate  that  the  leaka^  at  a  later  date  might  be  any- 
where from  30  to  50  cubic  feet  per  second* 

In  1899,  the  average  low  water  flow  of  the  Soliroon  river  at  Warrensburg 
WMM  estimated  at  150  cubic  feet  per  second^  this  being  the  asstimed  leakage 
of  the  Starbuckville  dam  nt  that  time. 

In  time  of  low  water,  the  mill  was  shut  down,  and  whatever  flow  waa  not 
held  back  by  the  storagu  dam  which  controls  the  outlet  of  Schroon  Lake  at 
Starbuckville,  came  .down  the  river  and  leaked  through  the  Warrensburg 
dam.     No  daily  record  of  flow  was  kept  when  the  mill  was  not  running. 

The  leakage  of  its  dam^  f!ash  boards  and  flume  on  August  0,  1900^  measured 
at  a  point  one-half  mile  down  stream  from  the  dam  in  the  open  chanite)  by 
current  meter,  was  found  to  be  235  second  feet. 

This  quantity  waa  taken  as  fairly  representative  of  the  average  low  water 
Row  and  leakage  in  IflOl^  when  making  up  the  estimates  published  in  the 
reports  of  the  U.  S*  Geological  Hurvey  and  the  reports  of  the  N.  Y.  State 
£11^1  neer*  which  I  have  used* 

Far  computing  flows  over  the  dam  when  flash  boards  are  on,  the  Francis 
weir  formula  waa  usei3.  When  there  are  no  flash  boards,  a  formula  derived 
from  the  Cornell  University  experiments  on  a  model  of  similar  shape  is  used. 

The  pulp  mill  ran  twenty- four  hours  per  day  for  ao  much  of  the  year 
ms  there  was  water  to  supply  it,  and  being  the  only  water  power  upon  the 
Schroon.  its  owners  controlled  the  flow  for  tlie  benefit  of  the  pulp  mill  by 
a  dam  on  the  outlet  of  Schroon  lake,  by  which  It  is  said  water  stored  to  a 
depth  of  from  four  to  five  feet  on  an  area  variously  stated  at  from  seven  to 
nine  square  ntiles,  is  let  down  as  required  for  vise  during  the  summer  months. 

In  comparing  the  curves  for  Schroon  yield  with  those  of  the  main  river, 
it  should  therefore  be  kept  in  mind  that  the  Schroon  has  a  flow  regulated 
by  storagCt  while  the  only  other  storage  of  which  the  main  river  has  the 
benefit  is  that  of  Indian  lake  and  perhaps  a  few  lumbermen's  dams. 

While  It  la  plain  from  the  above  description  that  tbese  measurements  of 
4aily  or  monthly  flow  on  the  Schroon  are  not  precise^  it  has  been  thought 

rth  while  to  consider  them,  but  only  as  checks,  in  relation  to  the  est!- 
mates  of  Sacandaga  yield  deduced  from  the  Mechanic ville  gagings. 


GAGHfOS  OF  Hoo^o  Rivi:b  at  BusKntK. 

A   study   of   these   gnginge   also   is   useful   in   confirming  the   estimates   of 

Sacandaga  flow,  the  Hoosic  being  another  of  the  important  tributaries  which 

€nttr  above  the   main  gaging  station  at  Mechanic  ville.    The   record  of  the 

HcH?«ic  flow  ta  of  ipecia]  intereat  because  this  comet  Itom  t,  ^xa.m^«i  %x«& 
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whose  rainfall  is  probably  smaller  than  the  average  for  the  entire  area  abo^e 
Mechanicville,  probably  averaging  about  30  or  40  inches  for  the  long  term 
mean,  and  probably  falling  in  extreme  years  as  low  as  28  or  29  inches,  as 
shown  by  a  study  of  the  short-term  records  for  Greenwich,  Easton,  Cam- 
bridge, Iloosic  Falls,  Eagle  Mills,  Lebanon  Springs  and  a  study  of  the  iso- 
hyetal  map. 

The  rainfall  at  Williamstown,  Mass.,  a  fairly  representative  locality  for 
this  drainage  area,  from  1852-1906,  averaged  39.4  inches.  The  drainage 
area  is  in  general  rugged  and  steep,  tending  to  rapid  discharge. 

The  records  of  stream  flow  gagings  may  be  found  in  reports  of  New  York 
State  Engineer  for  1905,  page  573,  with  hydrographs,  complete  records  of 
daily  discharge  from  the  beginning  to  December  31,  1905,  inclusive: 

U.  S.  G.  S.  Water  Supply  Paper  No.  202,  page    23. 

U.  S.  G.  S.  Water  Supply  Paper  No.  166,  page    25. 

U.  S.  G.  S  Water  Supply  Paper  No.  125,  page     25. 

U.  S.  G.  S.  Water  Supply  Paper  No.  97,  page  219. 

Tlie  gaging  station  was  established  September  24,  1903.  The  height  ii 
read  twice  daily,  and  estimates  of  flow  made  from  a  rating  curve  established 
by  occasional  current  meter  measurements.  In  winter,  flow"*  is  more  or  less 
retarded  by  ice,  and  although  the  heig]it-gage  may  be  read  daily  as  usual 
for  much  of  the  time,  the  estimate  rests  largely  upon  assumptions  about  the 
degree  of  obstruction  caused  by  the  ice. 

There  are  omissions  in  the  published  record  for  February  1906,  which 
have  been  sui)i)lied  by  interpolation.  From  December  4,  lOOff,  to  March  15, 
1907,  the  daily  estimates  have  also  been  omitted  because  of  ice. 

It  is  understood  that  some  careful  studies  of  the  flow  when  obstructed  by 
ice  have  boon  made,  corresponding  to  certain  readings  of  height-gage,  and  it 
is  expected  that  additional  precise  measurements  of  flow  under  the  ice  will 
be  made  during  the   present  winter. 

As  a  whole,  these  estimates  of  the  daily  and  monthly  discharge  of  the 
Hnosie  river  at  liuskirk  ai>i»ear  fairly  reliable.  The  mass  curve  has  there- 
fore been  comi>uted  and  j»lotted  for  (.'omparison  with  the  diagrams  of  Plate  3. 

Irrkoulauitiks  \)vk  to  Simkr's  Falls  Power  Plant. 

The  development  and  use  of  the  power  station  at  Spier's  Falls  has  intro- 
duced serious  disturham-es  in  the  ilow  of  the  river  from  hour  to  hour,  ac- 
cording to  the  varying  demand  for  electrical  power  at  diff'erent  hours  of 
the  day. 

Not  only  has  this  di-turbed  the  ojK^raticm  of  the  paper  mills  at  Glens 
Fall"^,  and  Fort  lldward,  hut  it  has  possibly  interfered  somewhat  with  the 
accuracy  of  the  eslimates  of  stream  flow,  because  of  the  height  over  the  dam 
being  measured  only  twice  in  each  twenty-four  hours,  and  because  of  the 
more  frequent  changes  caused  in  the  operation  of  the  turbines  at  times  when 
no  flow  is  passing  over  the  dam. 

The  storage  in  tlu'  y»ond<'d  river  lM'tw4'en  S])ier's  Falls  and  the  feeder 
dam  tends  to  smooth  out   this   irregularity,  and   the  storage   in   the  smaller 
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pond  above  the  dams  at  Glens  Falls  and  Sandy  Hill  tend  to  make  the  flow 
somewhat  more  regular  at  Fort  Edward,  and  by  the  time  Mechanicville  is 
reached,  this  hourly  irregularity  has  doubtless  in  large  measure  disappeared, 
so  that  error  from  this  cause  should  not  be  serious  at  Mechanicirille. 

Mass  Cubve  Computations. 

The  best  method  known  to  the  writer  for  computing  the  yield  of  a  water- 
shed from  a  continuous  series  of  gagings  and  for  at  the  same  time  determin- 
ing the  volume  of  reservoir  storage  required  to  store  the  flood  waters  for 
use  in  season  of  drought  so  as  to  maintain  a  specified  constant  rate  of  flow, 
is  that  known  as  the  mass  curve  method.* 

Briefly  described,  the  method  consists  in  adding  up  the  totals  of  the  daily 
or  monthly  yield  from  month  to  month  for  the  whole  period  of  gagings 
under  consideration,  then  plotting  the  successive  steps  of  accretion  of  the 
mass  as  an  irregular  line  or  "  mass  curve."  Any  desired  rate  of  draft  may 
then  be  assumed,  and  its  successive  sums  plotted  to  the  same  sdale,  and  if  a 
uniform  rate,  this  draft  curve  forms  a  straight  inclined  line,  and  if  it  is 
made  to  start  co-incident  with  some  point  or  summit  on  the  "  mass  curve," 
the  divergence  of  the  two  curves  at  successive  points  serves  to  show  the 
volume  of  storage  thnt  would  have  been  required  on  this  date  to  have  main- 
tained the  required  rate  of  flow  up  to  that  time. 

Since  our  river  flow  problems  start  with  rainfall  data  given  in  inches 
depth  over  the  entire  watershed,  this  form  of  unit  of  measurement  is  com- 
monly most  convenient  in  studying  the  problems  of  reservoir  depletion. 

Mass  curves  for  the  Hudson  river  records  at  Mechanicville  and  Fort 
Edward  and  for  the  record  of  flow  of  its  tributaries,  the  Schroon  and  the 
Hoosic,  covering  the  whole  period  of  observations,  are  presented  in  diagrams 
on  plate  No.  3. 

A  mass  curve  for  the  flow  of  the  Croton  is  also  shown  during  the  period 
of  smallest  rainfall  and  greatest  storage  need  that  has  occurred  during  the 
nineteen  years  covered  by  the  Mechanicville  gagings,  because  of  the  fact  that 
the  Croton  records,  maintained  by  the  New  York  Department  of  Water 
Supply,  present  the  most  accurate  and  longest  record  of  gagings  of  stream 
florw  available  within  the  State  of  New  York  and  go  back  to  a  series  of 
years  of  low  rainfall  more  severe  than  has  occurred  since  gagings  on  the 
Hudson  were  begun. 

A  study  of  the  Hudson-Mcchanicville  mass  curve  makes  it  plain  that  on 
the  Mechanicville  basis,  without  addition  for  the  relatively  larger  rainfall 
of  tbe  Sacandaga,  with  the  great  volume  of  storage  proposed  in  the  Sacandaga 
reser/oir,  which  permits  carrying  over  the  surplus  of  years  of  large  rain- 
fall for  use  in  years  of  small  rainfall,  a  run-off  of  1,700  cubic  feet  per  second 
equivalent  to  22  inches  in  depth  from  over  the  entire  watershed,  could 
have  been  maintained  throughout  every  one  of  the  twenty  years  since  the 
beginning  of  the  gagings  at  Mechanicville,  and  that  the  maximum  depletion 
of  storage  caused  at  any  time  by  this  rate  of  draft  would  have  amounted 
to  10.4  iniihes  on  the  Sacandaga  watershed  of  1,050  square  miles,  equivalent 
to  twenty  Ave  billion  cubic  feet  depletion  of  the  proposed  Sacandaga  reter- 

•Note. — ^Thls  mnthod  is  explained  In  detail  in  the  report  on  New  York's  Wal^-.  ^w^^i 
made  u>  Bird  8.  Coler,  Oomptroller,  by  John  R.  Freeman,  1900«  v«4s«  7X1. 
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voir,  corresponding  to  the  Tolume  contained  between  eleTmtion  70S  and  ekn- 
tion  737/ 

Allowance  fob  EvAPORATioif  fboic  the  RssEnvoui  Subface. 

The  best  data  on  evaporation  yet  available  are  those  determined  from  the 
experiments  of  Mr.  Desmond  Fitzgerald,  made  on  the  Boston  water  worki 
and  published  in  1880;  but  owing  to  the  greater  altitude  and  greater  cool- 
ness of  the  Adirondack  region,  it  is  probable  that  the  loss  from  the  water 
surface  of  the  proposed  Sacandaga  reservoir  would  be  somewhat  less  tbtn 
found  at  the  Chestnut  Hill  reservoir  near  Boston,  where  Mr.  Fitzgerald'i 
average  results  gave   39  inches  annually  for  the  mean  value. 

Mr.  H.  K.  Barrows,  Hydrographer,  U.  S.  Geological  Survey,  has  for  three 
years  past  conducted  experiments  upon  evaporation  at  several  of  the  Maine 
lakes,  and  finds  for  the  mean  annual  value,  only  29  inches.  Taking  the 
mean  of  this  and  the  Fitzgerald  determination,  we  have  34  inches,  and  I 
believe  tliis  is  about  what  may  be  expected  from  the  Sacandaga  reservoir, 
but  in  estimating  the  yield  we  have  included  the  reservoir  surface  as  a  part 
of  the  drainage  area,  and  therefore  we  do  not  have  to  deduct  from  the  yield  to 
large  a  quantity  as  tlie  equivalent  of  34  inches  depth  from  the  entire  surface 
of  the  proposed  Sacandaga  reservoir. 

The  present  problem  is  to  determine  the  loss  of  water  due  to  substituting 
a  water  area,  varying  from  42  to  26  square  miles  according  to  fullness  of 
reservoir,  for  an  equal  land  area  from  which  there  is  at  present  a  considerable 
loss  by  the  evaporation  of  the  rain  that  falls  upon  it,  and  which  loss  as 
found  by  deducting'  the  run-off  of  24  inches  from  the  rainfall  of  45  inches, 
jiveragps  21   inche?*. 

Tlie  total  yearly  loss  by  increased  evaporation,  due  to  flooding  this  land, 
tliereforp  is  34  inches  evaporation  from  a  water  surface  minus  21  inches 
evaporation  from  a  land  surface,  which  gives  13  inches  of  increased  loss  over 
this   area. 

The  area  of  water  surface  exposed  to  evaporation  will  lessen  as  the  reser- 
voir is  lowered.  Tt  we  call  the  averapje  area  of  water  surface  37  square 
miles,  the  loss  of  13  inclies  depth  over  this  area,  due  to  substituting  a  water 
surface  for  a  land  «urfaeo  is  equivalent  to  about  36.0  cubic  feet  per  second 
of  constant  flow  daily  throiipjhout  the  year,  which  should  be  deducted  from 
tlie  yield  as  computed  from  the  mass  curves. 

In  the  method  of  computa^on  adopted  above,  we  have  included  the  area 
of  the  reservoir  itself  as  a  part  of  the  drainage  area  and  have  made  diH? 
allowance  for  this  water  surface  being  less  efficient  than  the  land  surface 
as  a  pitherinp^  ground,  because  of  its  pjreater  evaporation.     Taking  the  mean 

*Nori:. — Tho  ar»'a  of  the  Sacandapa  watershed  above  its  mouth  at  Hadley  ifl  fiven  in  thf 
|)iil>lic:iti(Mi«  of  th<>  Nrw  York  Stat^'  Kii^ineor  and  the  United  States  Geological  Survey  ai 
1,040  <ij!i:\r»-  iiiilf«?. 

Th»^  tor»oirraphic  mans  of  the  State,  made  in  co-operation  with  the  United  State.s  Geo- 
lojric:!)  Survey,  were  not  all  available  at  the  time  of  these  earlier  ei«timated,  and  indeed  one 
she«'t  rstony Creek)  is  lacking  at  the  present  time. 

From  carefiillv  tracinir  out  the  watershed  line  on  all  of  these  topopraphlc  mans  and  pl&ni- 
nieterim:  it  and  takinir  the  Sacandatra  area  for  th«*  missing  Stonv  Creek  sheet  from  the  best 
nvArt^  aviiilable,  we  tiiid  th<'  area  above  Cionklinpville  dam  site  Is  l.o.'VO  snnare  miles. 

Ther«-  i-,  however,  some  doubt  as  to  where  the  dividinp  line  should  be  drawn  in  the  vicin- 
ity of  Peck  Lake,  «Jome  five  miles  northerly  from  Clloversville,  which  according  to  the  topo- 
granhic  maps  has  two  outlets. 

This  stiould  be  investigated  and  the  drainage  area  revised  whenever  the  Stony  Creek 
fjheet  of  the  topographic  survey  is  available. 
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rainfall  of  this  immediate  locality  as  45  inches  and  deducting  for  the  prob- 
able evaporation  from  a  water  surface  34  inches,  leaves  11  inches  net  gain 
in  depth  during  the  year  upon  the  reservoir  surface,  exclusive  of  the  stream 
flow  into  it. 

The  total  loss  by  evaporation  from  the  reservoir  during  the  year  taken  at 
34  inches  in  depth,  is  equivalent  to  a  constant  flow  averaging  for  the  year 
about  95  cubic  feet  per  second,  but  during  the  months  of  July  and  August, 
in  each  of  which  a  monthly  loss  of  about  5.6  inches  in  depth  of  evaporation 
from  a  water  surface  may  be  expected,  the  equivalent  constant  uniform  rate 
of  loss  in  these  months  is  about  156  cubic  feet  per  second. 

The  recent  experiments  of  the  U.  S.  Reclamation  Service  made  in  Nevada, 
ilhow  the  loss  from  a  broad  lake  is  proportionally  lees  than  from  the  ordinary 
experimental  tank  or  than  from  a  small  reservoir. 

The  rate  of  flow  from  the  entire  Sacandaga  watershed  as  measured  near 
the  end  of  the  uncommonly  severe  drought  of  the  past  summer  about  Sep- 
tember  1st,  was  130  feet  per  second.  We  thus  see  that  the  evaporation  loss 
from  the  lake  surface  may  at  times  slightly  exceed  the  inflow,  so  that  the 
lake  under  these  conditions  of  extreme  drought  would  be  lowered  about  one- 
thirtieth  of  an  inch  per  day  diK  to  evaporation,  although  its  outlet  gates 
were  shut  tight,  and  its  inflow  was^  t^O  second  i^t.  In  other  words  there 
wU  seldom  or  never  be  a  drought  so's^ere^tkat  the  ivCfiow  will  not  supply 
ikf  evaporation  loss. 

The  net  evaporation  loss  from  the  total  watershed  of  1,050  square  miles, 
due  to  this  water  surface  of  nearly  40  square  miles,  is  an  extremely  small 
portion  of  the  total  regulated  flow,  the  36  cubic  feet  per  second  of  mean  annual 
evaporation  loss  from  the  Scandaga  reservoir  as  reckoned  above  being  but 
2  per  cent,  of  the  estimated  yield  of  1,700  cubic  feet  per  second.  We  thus 
»e  that  there  need  be  no  fear  that  the  loss  of  water  from  so  great  a 
lake  surface  will  be  a  serious  feature  in  the  problem. 

Depletion  Diagram. 

The  table  following  and  the  diagram  presented  on  plate  No.  3,*show  the 
'wervoir  depletion  that  would  have  occurred  with  a  constant  twenty- four 
lM>ttr  discharge  for  every  day  in  the  year  at  various  rates  from  1,700  cubic 
^•^t  per  second  down  to  1,475  cubic  feet  per  second,  the  inflow  to  the  reser- 
'^i'  being  computed  at  the  same  rate  per  square  mile  as  was  actually 
Measured  at  Mechanicville,  and  thus  for  the  moment  offsetting  the  10  per 
I  *nt.  to  15  per  cent,  greater  yield  per  square  mile  of  the  Sacandaga  water- 
■W  to  compensate  for  this  evaporation  and  the  possible  margin  of  uncer- 
■    **ittty  in  the  Mechanicville  gagings. 

J  It  is  of  interest  to  note  from  diagram  Xo.  3  that  in  all  the  years  since 
1  *^  gagings  began,  excepting  the  remarkably  dry  years  of  1805  and  1001.  the 
depletion  called  for  by  this  very  large  constant  discharge  of  1,700  cubic  feet 
I*'  second,  corresponding  to  22  inches  of  annual  run-off,  would  have 
,  MBounted  on  the  average  to  only  about  ten  billion  gallons,  corresponding  to 
^  w*ering  the  reservoir  only  about  10  feet  below  its  spillway  level.  It  will 
j  •"0  be  seen  from  this  diagram  that  in  most  years,  water  would  have  wasted 
the  ipillway  WPft  of  the  time  during  the  months  of  April  awd  "Vlv^ » 
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This  diagram  of  plate  No.  4  la  partimdailj  liitaraaHng  in  abowiiig  iMnr 
great  tlie  depletion  of  tbe  reaerroir  bekm  Ugh'Watar  aiaik  would  havft  ten 
from  month  to  month  throni^iont  the  paat  nineteen  yean,  had  eonetant  <piae- 
titlee  of  1 ,700  or  1|024  or  IJMO  eoble  fcH  per  eeoond,  twanly-foor  houn  per 
day  been  eontlnwmaly  drawn.  It  ia,  bowef«r»  baaed  on  the  MeehaaSeriDs 
gagings  and  therefore  under  eetimatea  the  flanandafa  yield. 

The  afwage  rainfall  per  sqnaare  mile  of  the  Saeaadafa  drainafe  la  ehowi 
by  our  iiobyetal  map  of  the  Adlrondaefc  region  on  plate  10  to  be  probahij 
16  per  eent  larger  than  that  of  the  ontln  *BiidBoa  drainage  area  ahoft 
Meehanicville,  and  therefore  if  preeiae  aeenmey  of  KeehanJerllle  gagingi  bi 
granted,  it  it  probable  that  after  allowing  2  per  cent,  lor  eraporatlon  kti^ 
18  per  cent  more  water  could  be  dmwn  with  abont  the  aama  depletion  ehowi 
on  thia  diagram*  or  iay,  about  1,900  enbie  feet  per  aeeood  Inatead  of  1.700. 
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CoNnaMATiox  BY  Otheb  Gaqinos.     ^ 

According  to  the  lotxg  sieriRs  of  daily  giiginga  at  Fort  Edward,  the  eoropu- 
tat  tons  show  a  draft  of  23  inches,  <*  or  responding  to  1 J75  cubic  feet  per  lecond 

.  on  1,050  square  miles,  could  have  been  maintained  from  the  S^c&ndaga 
reaervoir  tbroughout  this  period  with  a  decidedly  smaller  depletion  than 
called  for  by  the  MechanicviUe  gmgings,  and  the  gixgings  on  the  Schroon  and 
tlw  Hotjfiic  tributaries  aa  set  forth  in  the  prei'ediug  tahk*  caJl  for  still  lest** 
ator»ge  to  maintain  23  inche*}  of  run-ofT^  notwithiitii riding  the  mean  rainffill 
on  Jloosic  is  about  10  inches  less  than  oh  the  Sacaudngn,  m  that  alt  four  of 
Ihese  series  of  daily  guging^  made  tipun  the  uj^por  Hudson  and  its  tributaries, 
independently  confirm  tUe  feasibility  of  regulating  Ibe  di^harge  of  the 
Sacandftga  vith  tv%'en1y-6ve  billion  cubic  feet  of  i^lori^ge^  so  as  to  provide 
for  A  constant  rat*?  of  Jlow  of  upward  of  ljT75  cubic  feet  per  second.  Taking 
'  mceuunt   of   di Terences    of    rainfall    on    the    respective    drainage    ftrea^^    they 

^^ponform  the  estimate  of  I JIOO  cubic  feet  per  second  already  stated  on  page  114. 


CoUPA&IfiON  WITH  THE  CbOTON  EeCORDB  OF  EAlXFAXIi  A?fD  RtJN-OFr. 


On  making  a  eomparison  with  the  Croton  records^  the  direct  comparison 
is  somewhat  less  favoriible,  until  allowance  ia  made  for  differences  in  rain- 
fall, forest  cover  anti  evaporation.  Assuming  the  runotf  per  square  mile  the 
same,  it  appears  that  for  the  years  1S92  and  1S05,  which  were  dry  years  on 
tlie  Croton^  a  discharge  of  1,500  cubiL'  feet  jjer  second  could  have  been  at 
all  times  furnished  from  a  watershed  of  1,050  square  milea  if  storage  of 
twenty-five  billion  cubic  feet  was  available.  In  other  wordii  the  Croton 
record  would  indicate  at>out  200  cubic  feet  per  second  leas  of  constant  draft 
would  be  obtained  from  an  area  equal  to  the  Sacandaga  drainage  in  the 
period  from  1898  to  1907,  than  is  given  by  the  Mechnnicville  record  for 
I  he  seme  period. 

As  a  warning  ag.iinst  the  smaller  yield  that  may  he  expected  in  yeara  of 
»ttll  smaller  rainfall  than  any  since  ISSS,  or  in  what  was  probably  the  dry  est 
jeAT  for  more  than  half  a  century*,  the  long  term  Croton  record  a  pre* 
tented  in  the  reports  of  the  Crot4>a  Aqueduct  Commission  and  diacuaaed  in 
detnil  in  my  report  on  New  York's  Water  Supply  made  to  the  flnancte  de- 
partment in  the  year  1000^  are  of  especial  interest. 

These  records  indicate  that  during  the  years  from   1S&0-1882,  whScb  years 

I  gave  the  smallest  run-off  ever  known,  a  flow  of  about  1^325  cubic  feet  per 
second  con  Id  have  tieen  constantly  maintained  from  a  watershed  of  the  same 
qunliti'  a*^  the  Croton  having  an  area  of  1,050  square  miles  and  ti^'enty-fi^'e 
billion  cubic  feet  of  storage  available.  This  is  obout  200  cubic  feet  less 
than  the  Croton  could  have  been  maintained  in  the  drought  of  1SQ5.  The 
Sudbury  records  of  the  Boston  water  works  concur  wonderfully  well  with 
the  Croton  records  in  showing  the  same  yield  per  square  mile  and  the  same 

'       storage   requirement  for  the  dry  period   of   1880-1882, 

There  can  be  no  dbubt  that  the  yield  per  square  mile  of  the  forest-covered 
Sacandaga  drainage  Is  decidedly  larger  than  for  the  Croton  drainage  area. 

I      1^  long  term  Croton  rainfall  average  is  49.13  inches,  for  the  40  years  1868 

I      to    190T    inclusive.     The   Sacandaga  rainfall   deduced    from  our   preliminary 
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iioliy«tftl  map  k  fortj^niiiA  Inehes.    Tim  fliwmdagfc  an-off  will  b»  : 

In  «sMn  than  the  rainfall,  beeaoM  of  fhe  modi  laxyir  propoitint  of  iaati 

and  the  Uft^mr  altitude  and  the  leee  evaporatioB. 

The  wtix  gaginge  of  the  Now  Toric  Boeid  of  Water  9npjfij  on  JOmtpoB  ereck 
for  the  year  1007  ehow  that  the  GatekUl  region  givee  a  yield  per  equare  mUe 
10  per  cent,  larger  than  the  Croton,  aUhoni^  the  rainiall  at  the  Ciotoe 
etatione  wae  15  per  cent  larger  than  for  the  Eeopoe  etatSona.  13m  real  e»M 
in  runoff  for  thie  foreet-covered  monntain  region  waa  thne  ahont  25  per  tat 
hy  this  one  year'e  obeervatlone. 

The  requiremente  for  a  water  j^ower  are  leee  efiaettng  than  thoee  for 
domeetie  lupply,  ao  that  independently  of  the  Crotom  data  for  periode  «f 
drought  and  after  allowing  for  a  emaller  eraporation  loee^  it  lewne  eaie  to  hue 
our  Saeandaga  water  power  estimatee  upon  a  mn-off  on  a  yield  deeidedll^ 
larger  than  the  Croton  records  of  1,825  cuhic  feet  for  the  yeare  of  greateat 
drought  in  the  paat  hall  century,  or  than  the  1,500  cuble  feet  p«r  eeeond  lor 
■the  greateat  Croton  drought  of  the  paat  twenty  yeara,  and  to  rely  upon  el 
leoe^  the  1,700  cubic  feet  per  aeoond  already  mentioned.    . 


TnxD  or  Saoaitdaoa  DaAnrAos  Abea  Ck>KPAia>  with  Tnui  or  Hudooh 

RiVEB   AT  MpOHAmOYIUB. 

Since  it  ia  the  twenty  yeara'  record  of  daily  ga^^pi  on  the  main  Hndaoa 
river  at  Kechanicvillc^  where  the  drainage  area  la  4,500  aqnare  milea,  fron 
which  we  ha^a  in  the  firat  inatance  determined  the  probable  yield  of  thi 
SacanSAga  drainage  of  1,050  square  milea,  it  ia  important  to  know  if  tin 

Saeandaga  yields  more  or  less  per  square  mile  than  the  remaining  78  per 
cent,  of  the  Hudson  river  drainage  above  Mechanicville. 

The  most  reliable  method  of  determining  this  is  by  the  comparison  of  cer- 
tain aeries  of  stream  gngings  on  the  respective  watersheds.  I  arranged  for 
these  at  the  earliest  practicable  date  and  am  under  much  obligation  to  the 
hydrographers  of  the  U.  S.  Geological  Survey  for  the  promptneaa  with  which 
they  undertook  this  work,  thereby  obtaining  a  series  of  comparative  measure- 
ments of  the  flow  of  several  tributaries  at  the  close  of  the  remarkably  sevexe 
drought  of  August,  1907,  and  prior  to  the  beginning  of  the  unusual  heavy  fall 
rains  of  this  year. 

The  work  of  the  hydrographic  branch  of  the  U.  S.  Geological  Survey  in 
its  gagings  of  streams  in  New  York,  had  been  intcrnipted  by  failure  of  the 
last  Congress  to  make  the  necessary  appropriation,  and  as  the  survey  had 
at  its  command  experienced  men  admirably  qualified  for  undertaking  this 
work,  an  arrangement  was  made  with  the  chief  hydrographer  by  which 
certain  gaging  stations  upon  the  upper  Hudson  and  its  tributaries  were 
established,  this  work  being  paid  for  out  of  the  funds  appropriated  by  the 
Fuller  bill,  to  the  extent  of  reimbursing  the  Geological  Survey  for  its 
actual  expenditure  in  woges  and  traveling  expenses  of  the  men  employed. 

This  arrangement  has  proved  very  satisfactory.  The  gagings  have  been 
under  the -personal  supervision  of  ^Fr.  TT.  K.  Barrows,  a  hydrographer  of 
much  experience.  The  gage  heights  have  been  read  daily  and  frequent  current 
meter  measurements  have  been  made  for  establishing  a  rating  curve  at  each 
station.  The  remarkably  heavy  rains  of  September,  October  and  November 
gave  uncommonly  good  opportu*"'  Haining  a  wide  range  of  rating 
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measaremcnts.  Looking  backward,  it  is  now  easy  to  see  that  check  measure- 
ments at  Indian  lake,  heights  in  Schroon  and  other  smaller  storage  lakes  and 
check  gagings  at  Mechanicville,  would  have  been  useful,  and  these  should  be 
taken  during  the  coming  year. 

We  made  an  earnest  effort  to  obtain  an  elaborate  series  of  rain-gage 
records  to  accompany  these  streams  gagings,  but  owing  largely  to  a  failure 
to  receive  the  necessary  instruments  on  time,  there  was  an  unfortunate 
delay  in  beginning  the  record*  at  the  new  stations. 

Tlie  results  of  the  gagings  are  shown  in  plate  No.  3  and  a  brief  abstract 
of  the  comparative  results  on  the  several  subdivisions  of  the  Hudson  water- 
shed is  shown  in  the  following  table. 

li  will  be  noted  that  the  flow  of  the  Schroon  is  out  of  proportion  to  the 
flow  of  the  other  tributaries,  by  reason  of  the  storage  of  three  feet  more  or 
less  in  depth  over  the  six  and  seven-tenths  s()uare  miles  area  of-  Schroon 
lake,  and  as  storage  was  being  accummulated  during  this  period  from  its 
watershed  of  439  square  miles  above  the  Starbuckville  dam,  some  disturbance 
is  caused  in  its  discharge  record  for  these  few  months,  which  would  disappear 
in  the  average  of  a  year  or  more  of  daily  observations. 

The  results  plainly  show  that  the  Sacandaga  responds  to  a  rainfall  more 
vigorously  than  the  other  tributaries j  and  that  its  yield  per  square  mile  is 
decidedly  larger  at  all  times,  except  near  the  end  of  an  extreme  drought. 

The  flow  at  Mechanicville  at  this  time  after  the  heavy  rains  was  also 
thrown  very  slightly  out  of  direct  relation  to  the  natural  yield  of  the  water- 
shed, because  of  the  flow  from  131  square  miles  or  nearly  3  per  cent,  of  the 
drainage  area  above  Mechanicville  being  withheld  for  the  replenishing  of 
storage  in  Indian  lake.  Until  September  fourth,  the  flow  of  the  Hudson  had 
been  increased  from  time  to  time  by  water  from  Indian  lake  as  is  set  forth 
on  diagram  in  plate  No.  5. 
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The  flow  of  775  second  feet  gaged  at  North  creek  on  August  twenty-ninth 
came  mostly  from  Indian  lake.  Probably  somewhere  near  650  feet  of  the 
flow  at  North  Creek,  Thurman,  Ft.  Edward  and  Mechanicville  at  tliis  time 
was  coming  from  Indian  lake,  and  in  column  six,  a  deduction,  var^iing  from 
day  to  day,  has  been  made  for  this  in  order  to  obtain  the  natural  flow. 

One  of  the  Indian  lake  sluice  gates  happen^  to  have  been  shut  on  August 
28th  to  September  1st  inclusive.  Both  sluice  gates  were  wide  open  at  all 
other  times,  August  17th  to  September  4th.  This  somewhat  disturbs  the 
precision  of  this  part  of  the  comparison  of  gagings  on  Hudson. 

Natural  Yield  without  Storage  in  Time  of  Drought. 

For  the  Sacandaga. 

Th*j  three  independent  gagings  at  Wells,  Northville  and  Hadley  given  in 
the  preceding  table  concur  in  showing  that  the  Sacandaga  flow  fell  to  the  very 
low  rate  of  0.10  or  12  cubic  feet  per  second  per  square  mile  in  extreme  drought, 
notwithstanding  its  excellent  forest  cover;  the  gagings  for  the  four  months 
following  show  that  after  the  rains  the  Sacandaga  run-ofl"  was  increased  in 
much  larger  degree  than  the  Hoidson  run-ofl".  A  much  longer  period  of  compari- 
sons than  these  three  or  four  months  is  needed  to  establish  this  ratio  with 
precision. 

Far  the  Upper  Hudson. 

The  Hudson  flow  as  recorded  at  Mechanicville  near  the  end  of  the  severe 
August  drought  held  up  unaccountably  well  in  view  of  the  small  flow  of 
its  tributaries.  This  fact  invites  a  study  in  detail  during  low  water  of  next 
summer.  Its  flow  including  Indian  lake  averaged  about  1,825  cubic  feet  per 
second,  August  28th  to  Slst  equivalent  to  0.40  cubic  feet  per  second  per  square 
miile,  or  deducting  600  cubic  feet  per  second  to  correct  for  the  storage  drawn 
from  Indian  lake,  gives  a  natural  flow  of  0.27  cubic  feet  per  second  per  square 
mile.  Assistant  Engineer  Shedd  visited  Mechanicville  to  review  the  record 
and  seek  explanation,  but  no  reason  is  yet  found  for  changing  the  Mechanic- 
ville record  for  1907  from  that  given  on  page  105  and  120  in  the  discharge 
curves. 

The  regularity  of  the  record  at  just  the  time  of  our  drought  gagings  is 
somewhat  disturbed  by  the  fact  that  the  paper  mills  at  Mechanicville  were 
shut  down  from  August  20  to  August  26th,  and  that  on  Sunday,  September 
first,  and  Labor  Day,  Monday,  September  2nd,  the  discharge  was  being 
held  back  in  storage  in  the  mill  ponds. 

The  Spier's  Falls  records  of  flow  through  turbines  is  computed  from  the 
record  of  daily  electric  output,  basing  this  computation  on  the  turbine 
maker's  statement  of  turbine  discharge  and  efflciency  ratio.  For  August 
28th  to  3l8t  inclusive,  ihe  flow  tlius  computed  averaged  890  cubic  feet  per 
second,  which  is  probably  too  small,  sifice  it  takes  no  account  of  leakage,  etc. 
This  890  cubic  feet  per  second  including  Indian  lake  storage,  is  equivalent 
to  0.32  cubic  feet  per  second  per  square  milo,  or  deducting  600  feet  for 
Indian  lake  leaves  only  290  cubic  feet  per  second,  or  about  0.11  cubic  feet 
per  second  per  square  mile;  also  probably  an  underestimate.  These  figures 
are,  however,  not  far  from  those  quoted  on  page  66  from  the  census  report 
of  1880,  for  low  water  flow,  on  the  excellent  authority  of  Mr.  Warren  Curtis. 

So  far  as  can  be  judged  from  these  incomplete  data,  the  natural  \j\e\d  o^  tlve 
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crnfifo  dramage  ar«a  of  tAe  Budion  Hv9r  above  MechaHio^te  U  som^whii  Um 

than  0,3  auMc  feei  per  second  per  MfjniAre  mil^,  and  for  the  drainage  area  aboTf 
Corinth,  ftpparently  the  nattiral  flow  dropped  to  0.16  cubic  fttt  per  *cetmd  per 
»qa<xre  mije  in  the  drought  of  Au^u^i,  1907, 

The   figures  in   thia   titble   cmplmsize   U\e  great  need   of  titorug^  reMrrcfin 
for  making  the  water  power  of  tbt  Hudaon  more  valuabt^. 
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DAILY  GAGINGS  OF  HUDSON  TRIBUTARIES  MADE  FOR  NEW  YORK 
STATE  WATER  SUPPLY  COMMISSION  BY  THE  U.  &  GEOLOGICAL 
SURVEY,  UNDER  CHAPTER  569,  LAWS  OF  1907. 

The  following  measurements  of  daily  flow  at  the  6everal  stations  were  made 
according  to  the  ordinary  niethods  of  the  U.  S.  Geological  Survey. 

SCHBOON  RiVEB  NEAR  Rl\'ERBANK  P.  O.,  NeW  YORK. 

This  station  was  established  September  23,  1907,  by  W.  G.  Hoyt.  Gage 
readings  were  obtained  from  September  2  to  22  inclusive  by  a  temporary 
staff  gage  set  by  H.  K.  Barrows  on  September  second.  This  station  is  on  the 
steel  highway  bridge  near  Riverbank  P.  O.,  between  the  towns  of  Warrens- 
burg  and  Bolton,  about  nine  miles  north  of  the  village  of  Warrensburg  and 
about  ten  miles  downstream  from  the  outlet  of  Schroon  lake.  The  drainage 
area  at  this  point  is  534  square  miles.  There  are  several  dams  at  the  village 
of  Warrensburg  used  for  power  purposes.  During  September,  1907,  a  timber 
crib  dam  was  constructed  at  Stnrbuckville  about  six  miles  above  the  gaging 
station,  for  storage  purposes,  this  affording  a  head  of  some  eight  feet  and 
ponding  water  to  Schroon  lake.  Tumble  Head  falls  begin  about  one  mile 
above  the  gaging  station  and  extend  upstream  for  about  a  mile  further, 
affording  a  total  fall  of  some  thirty  feet. 

The  channel  is  straight  for  about  2,000  feet  above  the  station;  downstream 
it  is  straight  for  about  fifty  feet,  followed  by  a  gentle  curve  to  the  left,  most 
pronounced  at  low  water.  Tlie  banks  are  high  and  rocky,  clear  up  to  the 
high  water  line,  and  do  not  overflow.  The  bed  is  rocky  and  permanent. 
There  is  but  one  channel  except  at  very  low  water  when  the  remains  of  an 
old  pier  divide  the  channel  into  two  portions.  The  current  is  good  at  all 
stages,  varying  from  0.9  feet  per  second  at  extreme  low  water,  to  8.0  feet  per 
second  at  high  stages. 

Discharge  measurements  are  made  from  the  downstream  side  of  the  bridge, 
the  initial  point  for  soundings  being  the  face  of  the  right  abutment  on  the 
line  of  the  hand  railing. 

A  standard  chain  gage  which  is  read  twice  each  day  by  J.  R.  Roberts  is 
attached  to  the  hand  rail  of  the  bridge  on  the  upstream  side  near  the  left 
bank;  length  of  chain  22.49  feet.  The  gage  is  referred  to  bench  marks  as 
follows:  (1)  chisel  draft  on  the  top  corner  stone  of  the  left  abutment, 
upstream  side,  elevation  above  gage  datum  18.17  feet;  elevation  above  mean 
sea  level  717.69  feet;  (2)  top  of  bolt  at  the  extreme  end  of  steel  rail  on  left 
abutment,  upstream  side,  elevation  18.15  feet  above  gage  datum. 
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SCHBOON  RlYEB  AT  RlYKBBANK,  NSW  YOBK. 

Daily    Discharge   in   Cuhio  'Feet   Per   Second. 
(Drainage  Area  534  Square  Miles.) 


DAY. 


1. 
2. 
3. 
4., 
6.. 

6. 

7., 

8.. 

9.. 

10.. 

11. 
12.. 
13. 
14. 

16.. 

16.. 
17.. 
18.. 
19.. 
20. 

21.  . 

22.  . 

23.  . 
24.. 
25.  . 

26. 

27.  . 

28.  . 
29. 

30.  . 

31.  . 


Mean. 


Sept.,  1907. 


(95) 
95 
125 
120 
146 

223 
239 
223 
191 
207 

223 
256 
273 
273 
51 

48 
61 
51 
51 
68 

51 

72 

308 

350 

312 

3:n 

3()-> 

210 

97 

476 


Oct.,  1907, 


Nov.,  1907. 


622 

776 

485 

868 

476 

•   1.080 

441 

868 

467 

1,570 

432 

1.570 

467 

2,050 

618 

3,300 

643 

3.860 

721 

3,700 

694 

3,400 

668 

2,800 

618 

2.270 

608 

2,050 

608 

1.570 

578 

1,570 

593 

1.240 

568 

1.470 

545 

933 

531 

1.040 

522 

913 

513 

933 

499 

849 

485 

836 

485 

788 

236 

668 

432 

748 

568 

721 

593 

748 

608 

836 

668 

Dec.  1907. 


806 
776 
748 
824 
776 

776 
721 
658 
694 
668 

568 

788 

1.200 

1,290 

1.310 

1,290 
1.290 
1.240 
1,200 
1.040 

1.040 
933 
1.080 
1.290 
1,570 

1,760 
1,840 
1,780 
1.730 
1,670 
1,780 


Jan..  1908. 


545 


1.530 


1,130 


1.780 
1.670 
1.570 
1.470 
1.340 

1.290 
1.380 
1.080 
1,000 
966 

1.000 
933 
933 
868 
966 

74S 
836 

776 
836 
868 

836 
776 
836 
806 
966 

748 
721 
748 
668 
o  933 
a   000 


I.OIO 


a  Ice  forming  on  shore. 

E.x'trenie  low  wiit^r  flow  corresponds  to  the  9.*)  second  feet  equivalent  to 
O.IS  cubic  feet  per  secoiul  per  Sijuaro  mile,  mea.sured  on  September  second 
(just  iK'fnre  tin'  dronglil    was  broken  ])y   rainfall). 

September  15-2*2,  incluHive,  is  not  natural  flow  as  water  was  being  held  in 
Scbroon  lake  by  a  dam  completed  at  that  time. 

Dificharfje  .Ura.s?/r(  wk'j//.s  of  Schroon  Rivrr  at  Riverhank,  'Sew  York,  in  1907. 


I 
DATE.    I 


Ilydrographer. 


I 


Width. 


I  Feet. 

Barrows  and  Hoyt i  42 .  .'i 

Barrows  and  Hovt I  41.5 

Hoyt  and  Ficrson |  63.0 

Pie'rson I  67 . 0 

Picr.son ■  67.0 

Pierson I  65 . 0 

Pierson 84 

Pierson |  71.0 

Pierson i  67 

Pierson |  74 

Pierson 74 


Area 

of 
section. 

Heflit. 

8n.  Ft. 

Feet. 

102 

1.18 

100 

1.18 

177 

1.90 

190 

2.26 

185 

2.25 

190 

2.32 

419 

5.47 

298 

4.33 

214 

2  92 

266 

3.63 

262 

3.48 

Discharge. 


Sept. 

Sept. 

Sept. 

Oct. 

Oct. 

Oct. 

Nov. 

Nov. 

Nov.     27 

Dec.       14 

Dec. 


19a 


Sec.  Ft. 

94.8 

.  91.3 

321 

463 

438 

492 

8.360 

2,000 

768 

1,240 

1.240 


G  Considerable  anchor  ice. 
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Rating  Table  for  Schroon  River  near  Riverhank,  New  York.    From  September 
2,  1907,  to  December  31,  1907. 


Gage 
height. 

Dls- 
charge. 

Gage 
height. 

Dt9-      ( 
charge. 

Feet. 
1.00 

Sec.  Ft. 

53 

74 

97 

122 

149 

178 

210 

242 

276 

312 

350 

Feet. 

2.10 

2.20 

2.30 

2.40 

2.60 

2.60 

2.70 

2.80 

2.90 

3.00 

Sec.  Ft. 
380 

476 

522 

5es 

1.10 

1.20 

1.30 

1.40 

1.50 

613 

1.60 

608 

1.70 

721 
776 
836 

1.80 

1.90 

2.00 

Gate 


Ftet, 
3.10.., 
a. 20. .. 
3.30.., 
3 .  40 . . . 
3 , 50 . . 
3.60.  . 
3.70.. 
3. SO  . 
3,90., 
4.UQ.  . 


chargQ, 


Bee.  Ft. 
OOO 
066 
1 ,040 
M20 
1,200 
1,290 
1.380 
M74 
1.&72 
1,674 


Gaee 
height. 

Dis- 

charge. 

F^t. 

Sec.  Ft. 

4.10.,... 

1,782 

4.20 

1.888 

4.30 

1.996 

4-40 

2,106 

4.5a..... 

2.215 

4.60 

2.327 

4.70 

^2.443 

4. SO 

2.561 

4.90 

2,680 

5.00 

2,800 

a.50..... 

3.400 

6.00..... 

4.000 

The  above  table  is  applicable  only  for  open  channel  conditions.  It  is  based 
upon  eleven  discharge  measurements  made  during  1907.  It  is  well  defined  be- 
t^-een  gage  heists  1.0  feet  and  5.5  feet.  The  table  has  been  extended  beyond 
these  limits.  Above  gage  height  5.0  feet  the  rating  curve  is  a  tangent,  the 
difference  being  120  per  tenth. 


Saoandaoa  Riveb  at  Wells,  New  Yobk. 

This  station  was  established  August  26,  1007,  by  H.  K.  Barrows,  ^and  is 
on  the  steel  highway  bridge  over  the  east  branch  of  the  Sacandaga  river  in 
the  southern  part  of  the  village  of  Wells,  about  2%  miles  above  the  junction 
of  the  east  and  west  branches.  The  drainage  area  at  this  point  is  263 
square  miles. 

The  channel  is  straight  for  about  25  feet  above  the  station,  then  curving 
rather  sharply  to  the  left.  It  is  straight  for  100  feet  or  more  down 
stream  and  then  curves  gently  to  the  right.  The  right  bank  is  about  12 
feet  high  at  ordinary  stages  and  seldom  or  never  overflows.  The  left  bank  is 
high  and  steep  and  never  overflows.  Both  banks  are  skirted  more  or  less  con- 
tinuously with  bushes  and  small  trees.  The  bed  is  rocky  and  quite  rough, 
but  permanent.  There  is  one  channel  at  all  stages.  The  current  is  good  at 
medium  and  high  stages,  but  becomes  sluggish  and  poorly  distributed  under 
low  water  conditions. 

Discharge  measurements  are  made  from  the  upstream  side  of  the  bridge, 
the  initial  point  for  soundings  being  vertically  over  the  top  of  the  right 
abutment,  upstream  side.  At  low  water,  measurements  are  made  by  wading 
at  a  point  about  800  feet  upstream  from  the  bridge,  where  a  good  gravel 
section  is  found. 

An  inclined  staff  gage  which  is  read  twice  daily  by  Frank  G.  Stanyon,  Jr., 
is  fastened  to  bench  marks  as  follows:  (1)  chisel  draft  on  top  of  lowest 
itone  of  right  abutment  one  foot  from  upstream  side,  elevation  5.38  feet;  (2) 
chiiel  draft  on  bridge  seat,  right  abutment,  upstream  side,  elevation  21.06 
f«0t»    All  •fawtkw  nkir  to  fHp  datum. 
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Sacandaga  Riveb  at  Wells,  New  York. 

Daily  Discharge  in  See,  Ft,  of  Sacandaga  River  at  WelU,  New  York. 

(Drainage  Area,  263  square  miles.) 


DAY. 

Aug.,  1907. 

Sept..  I90y 

Oct..   1907 

Nov.,  1907. 

Dec..  1907. 

Jan..  1908. 

1 

26 
26 
44 

300 
405 

270 
200 
132 
122 
146 

227 
820 
410 
2f>0 
186 

134 
134 
118 
104 
104 

102 
104 
92 
134 
186 

159 
134 
122 
186 

^'« 

194 
186 
216 
206 
456 

360 
430 
332 
348 
455 

405 
360 
670 
640 
470 

455 
420 
380 
340 
332 

320 
320 

308 
296 
256 

2'M 
246 
1 .  820 
2,000 
1,190 
1 .  520 

780 

820 

3.320 

2,280 

1,240 

1.860 
4.260 
3.660 
2.470 
1,470 

1,150 

1.070 

900 

705 

635 

670 
640 
480 
455 
430 

406 
640 
475 
470 
470 

470 
470 
456 
430   , 
430 

390 
360 
360 
360 
348 

344 
336 
328 
320 
308 

1.170 

2,420 

1,210 

588 

2 

3 

4 

5 

6 

7 

8     

9 

480 
480 

480 
480 
470 

10     

11 

12 

13 

14 

430 
380 

385 
405 

15     

16     

17 

18     ,. 

405 
430 

19 

20 

440 

21 

37' 

22 

340 

23 

390 

24 

380 

25 

26 

26  ' 
26  1 

i^! 

22 
22 

340 

26  • 

340 

27 

aSOO 

28 

316 

29 

336 

30 

336 

31 

320 

Mean 

1 

185 

518 

1,120   j 

a  New  chain  gage  installed. 


Discharge  Measurements   of  Sacandaga  River  at   Wells,   New  York,  in   1907. 


DATE. 


Hy(lrograi)her. 


Width. 


1                      1 
1       Area       1 

1          of          1 

heig?^t. 

Discharge. 

!     section,     i 

1     Sq.  Ft. 

Feet. 

Sec.  Ft. 

21.4 

3.72 

23.0 

47.4  : 

3.72 

26.8 

145        j 

4.40 

178 

172        1 

4.84 

318 

166 

4.84 

284 

170 

4.85 

335 

384 

7.50 

3.150 

198 

5.20 

542 

■n.     1 

5.46 

636 

Aug. 

Aug. 

Sept. 

Oct. 

Oct. 

Oct. 

Nov. 

Nov. 

Dec. 


I  Feet. 

aHarrows  and  Hoyt i  37 . 5 

ftHarrows  and  Hoyt '  50 .0 

Pierson ,  6(5 . 0 

IMenson 07 . 0 

Pierson I  67 . 0 

Pierson i  G7.() 

'cPierson :  95.0 

Pierson '  68.0 

Pierson '  70.0 


a  Gaging  by  wading  about  1  mile  upstream  from  gage. 
b  Gaging  by  wading  about  800  feet  upstream  from  gage, 
c  Gaging  by  surface  floats  near  bridge. 
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Halting  TcibU  for  Sacandaga  River  at  Wells,  New  York,  from  August  25,  1907, 

to  December  31,  1907. 


hd^.   ^ 

Dis- 
charge. 

G&ee 

height. 

Dis- 
charge. 

Feet. 
3.70 

Sea  Ft. 

22 

40 

60 

80 

100 

122 

146 

172 

200 

230 

263 

Feet. 

4.80 

4.90 

5,0O, 

5.10 

,   5.20 

5.30 

5.40 

b.SO 

5.60 

5.70 

5. SO 

Sec  Ft, 

300 
340 
380 
430 
480 
640 
600 
670 
740 
820 
000 

3.80 

3.90 

4.00 

4.10 

4.20 

4.30 

4.40 

4.50 

4.80 

4.70 

height. 

Bis- 

clmrge. 

Feet. 

Sec  Ft. 

6.90 

990 

6.00 

1.090 

6.10..... 

1/190 

6.20 

1,300 

6.30 

t.410 

6.40 

t„530 

6,50 

1,680 

6.60 

l,7ftO   , 

6.70..... 

1,920 

6.80,,... 

2,060 

6.0D 

2.300 

Gugc 

hd^t. 


Feet 
7.00., 
7.10,. 
7.20,, 
7.30.. 
7.40,. 
7.50.  . 
7,60,, 
7.70.. 
7.80,. 
7.90.. 
8.00., 


Dis- 
charge, 


Sec. 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 


Ft. 
,350 

,500 
660 

S20 
9S0 
160 
,320 
490 
,660 
,830 
000 


The  above  table  is  applicable  for  open  channel  conditions.  It  is  based  upon 
mne  discharge  measurements  made  during  1907.  It  is  well  defined  between 
gage  heights  3.7  feet  and  5.5  feet.  The  table  has  been  extended  beyond  these 
limits.  Above  gage  height  7.5  feet  the  rating  curve  is  a  tangent,  the  difference 
being  170  per  tenth. 


Sacandaga  Riveb^t  Nobthviixe,  New  York. 

This  station  was  established  August  26,  1907,  by  H.  K.  Barrows.  The  gage 
is  located  about  three-fourths  of  a  mile  upstream  from  the  steel  highway 
bridge  at  Northville.    The  drainage  area  at  this  point  is  740  square  miles. 

The  channel  is  straight  for  about  1,500  feet  above  the  gage  and  for  about 
1,000  feet  downstream.  The  right  bank  is  fairfy  high  and  does  not  overflow 
except  during  extreme  high  water.  The  left  bank  is  high  and  rocky  and 
never  overflows.  Both  banks  are  skirted  with  bushes  and  a  few  trees.  The 
bed  is  of  gravel,  rocky  and  permanent.  The  current  is  good  for  medium  and 
high  stages,  but  becomes  very  sluggish  during  low  water. 

(Discharge  measurements  are  made  from  the  upstream  side  of  the  highway 
bridge  at  Northville  during  medium  and  high  stages,  the  initial  point  for 
soundings  being  vertically  over  the  left  abutment,  upstream  side.  Velocity 
conditions  here  are  similar  to  those  at  the'  gage.  During  low  water,  gagings 
are  made  by  wading,  about  one-eighth  of  a  mile  above  the  staff  gage. 

A  vertical  staff  gage  read  once  daily  by  E.  E.  Farkes  is  bolted  to  the  ledge 
on  the  left  bank  about  three-quarters  of  a  mile  above  Northville  bridge.  This 
gage  Is  referred  to  a  bench  mark  as  follows:  horizontal  chisel  draift  marked 
"  B.  M."  about  0.6  feet  upstream  from  the  gage,  elevation  3.00  feet  above  gage 
datum. 

A  standard  chain  gage  was  established  on  November  6,  1907,  fastened  to  a 
tree  and  post  on  the  left  bank,  about  300  feet  downstream  from  the  staff  gage. 
Length  of  diain  22.23  feet.  This  gage  is  referred  to  temporary  bench  marks 
not  as  yet  connected  with  the  gage  datum  of  the  staff  gage,  and  was  set  to 
read  the  same  ss  the  staff  gage. 
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Sacandaga  Biveb  at  NoBTHvnxE,  New  York. 

Daily  Discharge  in  8eo,  Ft.  of  Saoandaga  River  at  Northville,  New  York. 

(Drainage  Areaj  740  square  miles.) 


DAY. 

Aug..  1907. 

Sept..  1907. 

Oct..  1907. 

Nov.,  1907. 

Dec..  1907. 

Jan.,  1908. 

1 

74 

74 

92 

267 

600 

640 
465 
452 
254 
521 

452 

2,070 

1.180 

772 

535 

465 
388 
290 
254 
237 

258 
272 
237 
330 
559 

521 
400 
340 
420 
1.960 

1.380 
862 
640 
727 

1.920 

1.320 

1.060 

al,980 

6(5,830) 

3.220 

2,410 
3.220 
2,640 
2,120 
1.730 

1.380 

1.210 

1.080 

960 

880 

862 

817 
727 
687 
640 

599 
583 

2.340 

1.980 

rf(7,000) 

rf(5.830) 

4.580 

3.990 

18.900 

14.300 

6.650 

4.740 

3,950 
3,220 
2.350 
2.350 
1.960 

1,560 
1.470 
1.360 
1.340 
1.250 

1.270 
1.470 
2,090 
1,370 
1,360 

1,290 
1.  ISO 

862 
880 
826 
790 
e(790) 

e(780) 
«(770) 
«(760) 
e(760) 
6.700 

7.740 
4.740 
3.050 
2,880 
e(2,600) 

e(2.400) 
e(2,200) 
e(l,900) 
e(1.700) 
eCl.400) 

1.200 
e(1.200) 
e(2.000) 
11.500 

8,280 

4,140 

2  

3 

4  

5 

6 

7 

8 

9 

\ 

10  

11  

12 

13  

14 

16 

16 

17   

18 

19  

20 

21 

22 

23    .    .    . 

24  

76 
76 

76 
79 
79 
79 
73 
74 

25   

26  

27 

3.220 
3,050 
5,190 

28  

r(7.000)|    1,120 

c^S.S.'iO)'    1,140 

4,540  i      960 

3 . 050   

29 

30  

4 . 080   

31 

7 . 660   

Mean  

509 

2  000  !    3,480     3, 130   . 

a  Gage,  height  as  observed  at  9  a.  m. — 10  a.  m.  water  over  top  of  gage  (i.  e.;  gage  height 
5.0,  dij>cliarge  approximated  as  corresponding  to  gage  height  6.0. 

b  Water  over  top  of  gagt — discliarge  approximated  as  corresfjonding  to  gage  height  5.5. 

c  Water  over  top  of  gage — gage  height  Oct.  28  taken  as  6.0;  Oct.  29  as  5.5. 

d  Water  over  top  of  gage — gage  height  Mov.  3  taken  as  6.0;  Nov.  4  as  5.5. 

e  Anchor  ice  accumulations  downstream  caused  backwater  on  gage, — discharge  ag^i-iiJtd 
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e  Measurements  of  Sacandaga  River  at  NorthvilU,  New  York,  iji  1907. 


Hydrographer. 

Width. 

Area 

of 
section. 

Gage 
height. 

Discharge. 

aBarrows  and  Hoyt 

Feet. 

55 

65 

260 

260 

274 

.    264 

262 

284 

277 

264 

266 

'     180 

Sq.  Ft. 
57.1 
57.5 

956 

930 
1,340 
1,000 

855 
2,570 
1,420 

953 

958 
1.490 

Feet. 
0.86 
0.86 
2.03 
1.92 
3.89 
2.58 
2.31 
9.68 
6.81 
2.78 
2.98 
7.28 

Sec.  Ft. 
76.9 

76.0 

Pierson 

603 

Piereon 

466    ^ 

ftPierson 

3,310 

Pierson. .  > 

1,020 

Pierson 

868 

rPierson 

18,300 

6,310 

Pierson 

1,360 

Pierson 

1,410 

dWood  and  Pierson 

1,200 

:  made  by  wading,  about  i  mile  above  staff  gage, 
rose  1.02  feet  during  gaging — results  approximate  only, 
by  surface  floats  near  North vllle  bridge. 
Toren  and  gorged  with  anchor  ice  from  a  point  about  i  mile  upstream  from  gage 
)ut  2  miles  down.stream.    Cage  lipight  is  to  water  surface  but  is  not  a  true  index 
^  height  to  top  of  ice=7.33,  about;  ice  about  0.2  feet  thick.     Gaging  made  from 
idge  at  Northville — considerable  needle  and  anchor  ice — results  a  pproximate  only 


'able  for  Sacandaga  River  at  Northvillef  New  York. 
24,   1907,  to  December  31,   1907. 


From  August 


Dis- 

charge. 

Sec.  Ft. 

95 

115 

140 

170 

205 

245 

290 

340 

400 

465 

535 

615 

700 

790 

880 

980 

1,080 

Gace 
height. 

Dis- 

h^tSiL 

Dls-      . 

cliarge. 

chdrge. 

"       Feet. 

6ec,  Ft. 

Feet, 

Sec,  Ft. 

1  3.7rj 

1.180 

4.40..... 

3,610 

2,R0... .. 

l,2W> 

1   4.50 

3,fiO0  , 

i  2.90..... 

1,400 

4.60...,, 

3»990  i 

3.00 

l.filO 

4.70 

4J80 

3. 10 

1.630 

4.80. 

4,380 

3.20...,. 

1,760  , 

4.90..,.. 

4.580  1 

3.30 

i.sm 

6.00 

4.780  1 

3,40 

3,010 

6.10 

4,080 

3.50..... 

S.lfiO 

.'r.20 

5.190 

3.60..... 

2.290 

5.30...,. 

6.400 

3.70..... 

2.440 

5.40 

5.fil0 

3.80..... 

2,590 

1   5.&0..... 

6,830 

3.90...., 

2.750 

5.60 

6,050 

4,00. 

2,910 

S.70,.... 

a,280 

4.10..... 

3,080 

5,80,,.., 

6,510 

4.20 

3.2:10 

.   f(,W>...,, 

0,750 

4.30 

3,43Q 

e  00 

7.000 

Feet. 
6.10... 
6.20, .. 
6,30... 
6.40.., 
6,frfJ... 
6.60... 
6.70... 

e.so.., 
e.yo... 
7.00... 
7.10... 

7.20... 
7.40,,. 

T.r^o,,, 
8.00... 
y.ou... 

10A3O.    , 


DlR- 

charge. 


Sec  Ft. 
7,200 
7.620 
7.7£M) 
8,000 
A.  340 
8,620 
B.910 

ll,5LHJ 
9.840 
10,170 
10,510 
LO,SfiO 
11,190 

ii,iia(r 

13,239 

16.030 
20.030 


eceding  table  is  applicable  only  for  open  channel  conditions.  It  is 
on  eleven  discharge  measurements  made  during  1907.  It  is  well 
;tween  gage  heights  0.8  feet  and  3.0  feet  and  fairly  well  defined  from 
0  6.0  feet.  The  table  has  been  extended  beyond  tliese  limits.  Above 
ht  7.20  feet  the  rating  curve  is  a  tangent,  the  difTerence  being  340 


Sacandaga  Rtver  Near  Hadley,  New  York. 
alien  was  eitablished  September  13,  1907,  by  H.  K.  Barrows.     It  is 
n  the  steel  highway  bridge  about  two  and  one-half  miles  west  of 
where  the  Sacandaga  river  enters  the  Hudson ) ,  between  the  towns  of 
nd  Hadley.     The  drainage  area  at  this  point  ia  I»Q50  ^k^glax^  xcW^^ 
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The  channel  is  straight  for  about  500  feet  upstream  from  the  bridge  and 
for  perhaps  100  feet  downstream,  where  it  curres  gently  to  the  left.  The 
banks  are  high,  rocky  and  permanent  and  do  not  overflow.  The  bed  is  rocky 
and  very  rough.  The  current  is  good  at  very  low  stages,  and  Tery  strong  it 
medium  and  high  stages. 

Discharge  measurements  are  made  by  the  use  of  a  boat  at  a  section  about 
one  mile  downstream,  where  a  good  gravel  section  is  found  and  smooth  flow. 
At  high  stages  measurements  are  made  from  the  highway  bridge  at  Uadlej, 
just  below  the  railroad  bridge  at  that  point.  Measurements  are  not  made  it 
the  bridge  to  which  the  gage  is  attached. 

A  standard  chain  gage  which  is  read  twice  daily  by  W.  W.  Jeffers,  is 
attached  to  the  hand  rail  of  the  bridge  in  the  left  span  near  the  center  pier, 
downstream  side.  Length  of  chain  25.35  feet.  The  gage  is  referred  to  bench 
marks  as  follows:  (1)  circular  chisel  draft  on  highest  point  of  boulder 
3x5  feet,  about  fifty  feet  from  down  stream  side  ol  bridge  near  right  abutment, 
elevation  6.50  feet;  (2)  chisel  draft  on  downstream  comer  of  right  abutment 
at  top,  elevation  19.36  feet.    All  elevations  refer  to  gage  datum. 


Sacandaga  Riveb  at  Uadlet,  l^EW  YOBK. 

Daily  Discharge  in  sec.  ft.  of  Sacandaga  River  at  Hadley,  New  York, 

(Drainage  area,  1.050  square  miles.) 


DAY. 

Sept.,  1907. 

Oct.,  1907. 

Nov..  1907. 

Dec..  1907. 

Jan..  190& 

j 
1 '    

1,900 
1,520 
1.160 
1.030 
1.900 

2.130 
1.800 
1.900 
4.740 
6,020 

4.740 
4.230 
3.770 
2,540 
2.020 

1,800 
1.610 
1.360 
1.090 

i,o:jo 

1,030 
915 
915 
860 
810 

760 

760 

1,900 

9,270 

10,700 

10,200 

7,070 

5,950 

7.070 

11,200 

13,100 

10,700 
12.100 
12.600 
21.600 
19.200 

14.000 

11.600 

9.740 

6.670 

5,310 

4.740 
3,360 
2.130 
1.700 
1.610 

1.360 
1,440 
1.520 
1,610 
1.520 

1,360 
1.290 
1,220 
1,160 
1,090 

1,030 
970 
970 
915 
860 

810 
760 
810 
970 
1.290 

5.310 

13.100 

11,600 

7,910 

4,740 

3,560 
2,840 
2,540 
2.130 
1.900 

1.800 
1,700 
2,260 
3,770 
5,630 

7.070 
8.350 
6,670 
7.070 
8.810 
10,200 

10.2^0 

2           

9.270 

3 

8,3.10 

4        

5,630 

5               

4.4S0 
3,000 

6           

7                    1    

2  "60 

8  ■":::;::::::::::::::.:.'  ::: 

1,9X) 

9               '    

1  610 

10           

1.520 

11           

1.440 

12                   

1.380 

13 

14 

1,610 

1 ,  360 

915 

715 
630 
520 
4«J0 
460 

430 
400 
430 

4yo 

590 

715 
670 
630 
670 
1  .  300 

1.520 
1,700 

15           

1,520 

16           

1.360 

17                   

1,2« 

18      

1,220 

19                                          .... 

1  160 

20         

1,090 

21         

1,030 

22                

970 

23           

915 

24                  

860 

25           

860 

og                         

760 

27                

670 

'>^                        

810 

09                           

970 

30                    

o(l.(K)0) 
a (1.000) 

31              

Mean 

2,760 

6,500 

4,140 

2.310 

a  River  frozen  over — anchor  ice  and  back  water — discharge  assumed  as  1,000. 


Studies  of  Wateb  Poweb  Development. 


131 


Sacandaga  Ri\'eb  at  Hadley,  New  York. 
Discharge  Measurements  of  8<icandaga  River  at  Hadley,  New  York  in  1907. 


DATE. 

Hydrographer. 

Width. 

Area 

of 

section. 

Case 

hei^t. 

Discharge* 

Aug.  27.. . 

Barrows  and  Hoyt 

Feet. 
80.0 
263 
240 
194 
250 
250 
200 

120 

Sq.  ft. 
80.4 
551 
447 
642 
886 
892 
649 
649 
942 
898 

Feet. 
0.90 
2.78 
2.35 
2.77 
2.80 
2.80 
2.23 
2.23 
2.88 
3.50 

Sec.  ft. 
al30 

Sept.  13.. . 
Oct.     4.. . 

Barrows  and  Hoyt 

62  150 

Pierson 

M|690 

Oct.     5.. . 

Pierson 

cl  810 

Oct.   16.. . 

Pierson 

1,680 

Oct.    17.. . 

Pierson 

1  680 

Oct.  25.. . 

Pierson 

895 

Oct.  25.. . 

Pierson 

914 

Nov  W.... 

Pierson 

cl  970 

Dec.  16.. . 

Pierson 

d3;930 

a  Gaging  by  wading  about  3,000  feet  upstream  from  gage. 
h  Gagings  made  from  bridge  at  gage — verv  rough — ^approximate  only. 
e  Gagings  Oct.  5  to  Nov.  19  inclusive,  made  about  one  mile  down  stream  from  gage  from 
a  boat. 

d  Gaging  made  from  highway  bridge.  Just  down  stream  from  railroad  bridge  at  Hadley. 


Rating  Table  for  Baoandaga  River  at  Hadley,  New  York. 
13,  1907,  to  December  31,  1907. 


From  September 


Gage 

charge. 

hei'^t. 

Dis-     ' 
charge. 

1 

Gagia 
height. 

Dls^ 
charge. 

Feet. 
1  00 

Sec.  ft. 
150 
180 
210 
250 
290 
340 
400 
460 

..     620 

Feet. 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 

Sec.  ft. 
670  : 
760 
860 
970  ! 
1,090 
1,220 
1,360   1 
1,520   ! 
1,700 
1,900 
1 

FePt. 
3,00 
3.10 
3.20 
3.30 
3.4U 
3,50 
2.60 
3,70 
3.80 

Sec.  n, 
2,130 
2,390 
2,680 
3,000 
:^.360 
3,770 
4,230 
4  740 

1 .  10 

1.20 

1.30 

1.40 

1.50 

1.60 

1   70 

1.80 

5  310 

1.90 

..     590 

Gace 
height. 


Feet. 
3.90 
4 
4 
4 
4 
4 
4 


00 
10 
20 
30 
40 
5<J 

mi 

5.50 


Dis- 


Sec 


ft. 

6.67 
7.47 

Q.27 
l(K2l 
iUie 

20.66 


The  above  table  is  applicable  only  for  open  channel  conditions.  It  is  based 
upon  ten  discharge  measurements  made  during  1907.  It  is  fairly  well  defined 
^tween  gage  heights  r.O  feet  and  3.0  feet  and  is  only  approximate  above 
gate  height  3.0.  Above  gage  height  4.5  feet  the  rating  curve  is  a  tangent, 
the  difference  being  950  per  tenth. 


Hudson  Riveb  at  North  Creek,  New  York. 

This  station  was  established  September  21,  1907,  by  W.  G.  Hoyt,  at  the 
steel  highway  bridge  at  North  creek.  The  drainage  area  at  this  point  is  804 
square  miles.  North  creek,  a  small  tributary  of  the  Hudson,  enters  from 
the  right  a  short  distance  below  this  point. 

The  channel  is  straight  for  about  500  fe^  upstream  and  some  300  feet 
downstream  curving  to  the  left  below  here.  The  banks  are  high  and  rocky, 
clear  up  to  the  high  water  line  and  not  liable  to  overflow.    The  bed  is  roaW^ 
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and  of  gravel  and  permanent  but  rather  rough.  There  are  two  channels  at 
all  stages.  Tlie  current  is  good  at  all  stages,  ranging  from  about  one  to  fiie 
feet  per  second. 

Discharge  measurements  are  made  from  the  upBtream  side  of  the  bridge 
in  the  left  span,  and  from  the  down  stream  side  in  the  right  span,  the 
initial  point  for  soundings  being  Tertically  over  the  left  abutment,  on  the 
upstream  side.  A  standard  chain  gage  read  twice  each  day  by  Gilbert  Dean 
is  attached  to  the  floor  of  the  bridge  on  the  upstream  side  near  the  center 
of  the  right  span;  length  of  chain  22.11  feet.  The  gage  is  referred  to  bench 
marks  as  follows:  (1)  Chisel  draft  on  3  x  3  foot  stone  at  foot  of  right  abut- 
ment, upstream  side,  marked  B.  M.  0,  elevation  4.30  feet;  (2)  one  inch 
square  bolt  on  top  of  right  abutment  upstream  side  marked  B.  M.  Q,  eleva- 
tion 26.52  feet.    All  elevations  refe^  to  the  datum  of  the  gage. 


Hudson'  Riveb  at  North  Crerk,  New  Yobk. 
Daihj  Discharge  in  sec.  ft.  of  Hudson  River  at  North  Creek,  y.  7. 
(Drainage  area,  804  square  miles.) 


6                                           ^= 

DAY. 

• 
Aug.,  1907.  .Sept.,  1907. 

Oct.,  1007. 

Nov..  1907. 

Dec..  1907. 

Jan..  190S. 

1 

o 

■ i 

3,6r»0 
.-^,030 

i.4r.o 

1 , 1 70 
1  .  450 

1  .420 

1 .  'MO 

2 .  920 
.-, .  :VM) 
5.280 

0,110 
.{ .  600 

2 .  650 

2,:;  50 

1 .  790 

1,420 
1  ,  250 
1  ,060 
1,000 
930 

1.130 

1,»)80 

980 

800 

900 

1,120 

930 

1 ,  960 

3 .  530 

4 .  480 
1,770 

2,010 
1.640 
3,970 
5 .  420 
4,220 

3,430 
8,850 
8,770 
7,120 
5,230 

4,170 
3.2.50 
2.570 
2,110 
1,790 

1,400 
1,420 
1,150 
1,000 
1,030 

050 

950 

1,010 

1,010 

1,010 

980 
930 
900 
800 
730 

690 
683 
6.34 
.564 
664 

634 

?06 
6,55 
980 

4,790 
4,660 
3,670 
2,920 
2,220 

2,220 
2,010 
1,790 
1.550 
1,390 

1,270 
1,290 
1,520 
3,140 
3,360 

3,210 
2,820 
2,570 
2,990 
2,990 
3,530 

3.230 
2.990 

.'i 

2,720 

4 

2,350 
1,870 

6 

7 

8 

0 

i 

1.840 
1,740 
1.450 
1.340 

in 

11 

12 

13 

1    '  ■  ■ 

1,210 

1,120 
1.170 
1,170 

14 

1.J 

1,060 
9S0 

16 

17 

18 

19 

2U 

21 

'.'.'.'.'.'.'.'.        C27 

i               T)  1 5 

940 
910 
910 
890 

m 

851 

0'> 

CM4 

842 

2.'i 

1           l.oSO 

860 

24 

23 

1,120 

1 , 170 

860 
860 

20 

•           1 , 100 

1 , 120 

S60 
833 

28 

29 

1  .(100 

779              1,190 

1        1 ,  :.oo 

770   1    

770 
770 

30 

31 

788 
833 

Mean 

1    

1 

2,100 

2,070   1 

2.020 

1.280 

Studies  of  Watek  Power  Development. 
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Discharge  Measurements  of  Hudson  River  at  North  Creek,  X.  Y.,  in  1907. 


DATE. 

Hydrographer. 

Width. 

Area 

of 

section. 

height. 

Discharge. 

Auir.  29.. . 

BarrowB  and  Hoyt 

Feet. 
235 
235 
237 
236 
250 
230 
250 
143 

Sq.ft. 

547 
•      502 
506 
462 
834 
547 
937 
673 

Feet. 
2.91 
2.90 
2.71 
2.55 
4.09 
2.96 
4.52 
3.43 

Sec.  ft. 
788 

Ai«r.  31.. . 

W.  G.  Hoyt 

716 

Sept.  20... 

W.  G.  Hoyt 

618 

Sept.  21.. . 

Pieraon  and  Hoyt 

512 

Oct.     1.. . 

Pierson 

2,380 

Oct.  24... 

Pienon 

890 

Nov.  12.. . 

Pierson 

3,290 

Nov.  16.. . 

Pierson 

1,560 

Rating  Table  for  Hudson  River  at  North  Creek,  N.   Y. 
From  Aug.  29,  19'07,  to  Dec.  31,  1907. 


Gage 
height. 

Dis- 
charge. 

Feet. 
2.50 

Sec.  ft. 
480  { 

2.55 

615   ll 

2.60 

550 

2.70 

620 

2.80 

690 

2.90     

3.00 

770 
860 

3.10 

960 

3.20 

1,060 

( \  lI  m:^ 

UU- 

Gage 
'     height. 

Dis- 

h^'t^sHjt. 

char^* 

charge. 

Feet. 

Sec.  ft. 

'       Feet. 

St»c.  ft. 

3.W 

t .  17(^ 

4.20 

2,610 

3.40 

1,2W 

4 .  30 

2,820 

3.60 

l,4k»0 

4.40 

3,030 

3.60 

1,560 

1            4 .  50 

•;j ,  2:><J 

a. 70 

1.710 

4.60 

3,480 

a. 80 

1,870 

!            4.70 

3,720 

a.tH> 

LV,H.10 

4.80 

3,970 

4.(.KJ 

•i^iiu 

4.90 

4,220 

4.1U 

•1,-\\M 

5.00 

1 

4,480 

Gape 
height. 


Dis- 
charge. 


Fnet. 
5.10 
5 .  20 
5 .  M 
5 .  40 

:. .  00 

0.00 
0.50 


Sec.  ft. 
4.740 
5,010 
5,280 
5,550 
5 .  830 
0.110 
7,230 
8 ,  030 


The  above  table  is  applicable  only  for  open  channel  conditions.  It  is 
based  upon  eight  discharge  measurements  made  during  1907.  It  is  fairly 
well  defined  between  gage  heights  2.50  feet  and  4.50  feet.  The  table  has 
been  extended  beyond  tbese  limits.  Above  gage  lieight  5.4  feet  the  rating 
curve  ia  a  tangent,  the  difference  being  280  per  tenth. 


Hui>80N  River  at  Thurman,  Xkw  York. 

This  station  was  established  September  22,  1907,  by  W.  G.  Ilort.  Gage 
readings  were  obtained  September  1-22  by  a  temporary  stall"  gage  sol  by 
H.  K.  Barrows  on  September  1.  This  station  is  located  on  the  Delaware 
&  Hudson  R.  I^  bridge  leading  from  Thurman  to  Warrensburg.  about  950 
feet  below  the  highway  bridge  to  Warrensburg,  and  some  2,000  feet  below 
tbe  entrance  of  Schroon  Eiver  into  the  Hudson.  Tlie  drainage  area  at  this 
point  is  1,550  square  miles. 

The  channel  is  straight  for  about  1,000  feet  above  the  station  and  some 
400  feet  down  stream  where  the  river  divides  into  two  channels  forming  an 
island  of  considerable  size.  The  right  bank  i.s  about  eight  feet  high  at 
ordinary  stages,  and  is  clear  with  the  exception  of  a  few  trees  along  the 
river's  edge.  This  bank  overflows  during  high  water,  when  flow  occurs  under 
another  section  of  the  bridge.  Ilie  left  bank  is  high  and  rocky,  clear  up  to 
the  high  water  line  and  does  not  overflow.     The  bed  is  of  gravel  and  per- 
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manent.  There  are  two  channels  under  ordinary  conditions,  and  three  during 
high  water  as  previously  noted.    The  current  is  good  at  all  stages. 

Dis<»harge  measurements  are  made  from  the  upstream  side  of  the  hrldge 
on  the  line  of  the  guard-rail,  the  initial  point  for  soundings  being  vertically 
above  the  left  abutment  at  the  upstream  side. 

A  standard  chain  gage  which  is  read  three  times  daily  by  S.  H.  Spencer 
is  attached  to  the  end  of  the  ties  outside  the  guard-rail  about  100  feet  from 
the  left  abutment;  length  of  chain  29.08  feet.  The  gage  is  referred  to 
bench  marks  as  follows:  (1)  Nail  in  top  of  stump  on  left  bank  about  sixty 
feet  upstream  from  bridge,  and  forty  feet  from  the  water's  edge.  Elevation 
12.94  feet;  (2)  top  of  2^  inch  iron  pin  on  left  abutment,  upstream  side, 
used  for  holding  lateral  brace,  elevation  2(7.71  feet;  (3)  marked  "  R.  P?*  on 
top  of  first  floor  beam  from  right  abutment,  one  foot  upstream  from  end  of 
cross  ties,  elevation  26.83  feet.  All  elevations  refer  to  the  datum  of  the 
gage. 


Hudson  River  at  Thurman,  New  York. 

Daily  Discharge  in  Sec.  Ft,  of  Hudson  River  at  Thurman,  New  York, 

(Drainage  area,  1,550  square  miles.) 


DAY. 

Sept.,  1907. 

Oct..  1907. 

Nov.,  1907. 

Dec.,  1907. 

Jan.,  190S. 

1 

772 

844 

1,010 

1 .  560 

2.870 

2,570 
1,940 
1 .  300 
1,280 
997 

796 
2.590 
3.360 
2.850 
2,110 

1.720 

1,220 

932 

808 

772 

590 

560 

1,040 

1.440 

1.420 

1,4.M) 
1.320 
1.270 
1,660 
2,550 

3.480 
3.900 
2.250 
2.030 
2,110 

1.990 
2,030 
3.260 
5.760 
5,760 

7,400 
4,430 
3,930 
3.160 
2,700 

2,290 
2.090 
1.860 
1,660 
1,720 

1.840 
1.920 
l,6fX) 
1.440 
1,400 

1.5.50 
1,660 
3.280 
5,270 
.4.690 
3,960 

3,260 
2,940 
4,210 
6,770 
6.050 

5,900 

11,200 

10,900 

9,860 

9,110 

7,400 
6,380 
5,670 
4,950 
4,180 

3,640 
3.330 
2,940 
2.590 
2,340 

2.400 
2,430 
2,400 
2.310 
2,270 

2,270 
2,200 
2.030 
2.010 
1,990 



1,900 
1,860 
1,840 
1,780 
1,760 

1,720 
1,700 
1,680 
1,680 
3,210 

5.880 
5,030 
4,350 
4,090 
3,740 

4,320 
3,740 
3.360 
3,110 
2,990 

2.800 
2,590 
2,750 
5,580 
5.640 

5,440 
5.150 
4.950 
5.090 
6.300 
6.020 

2 

3         

4           

5    

6 

7             



8 

8      

10 

11           

12         

13           

14    



15         

16         

17 

18         

19             

20         

21         

22           

23         

24         

25    

26    

27         

28 

29         

30 

31    

Mean 

1,520 

2,980 

4,630 

3.580 
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Discharge  Meaaurementa  of  Hudson  River  at  Thurman,  New  York,  in  1907. 


DATE. 


Hydrographcr. 


Width. 


Area 

of 

section. 


Gace 
heigm. 


Discharge. 


Aug.  28.. 
Aug.  31.. 
Sept.  1.. 
Sept.  22.. 
Sept.  30.. 
Sept.  30.. 
Oct.  1.5.. 
Oct.  26.. 
Nov.  "4.^ 
Nov.  13.. 
Nov.  18.. 
Dec.  12.. 


Barrows  and  Hojrt 
Barrows  and  Hoyt 
Barrows  and  Hoyt 

W.  G.  Hoyt 

Pierson 

Pierson 

Pierson 

Pierson 

Pierson 

Pierson 

Pierson 

Pierson 


Feet. 
200 
251 
263 
230 
275 
275 
277 
260 
299 
301 
280 
292 


Sq.  ft. 

757 

683 

662 

550 

962 

960 

963 

769 

1.460 

1.280 

991 

1.270 


Feet. 
2.86 
2.49 
2.46 
2.05 
3.48 
3.47 
3.52 
2.75 
4.98 
4..'>4 
3.58 
4.60 


Sec.  ft. 

1.150 

832 

777 

476 

2,640 

2,700 

2.800 

1.400 

6.760 

5.790 

2.970 

6.340 


Rating  Table  for  Hudson  River  at  Thurmaji,  Neio  York.    From  August  28, 
1907,  to  December  31,   1907. 


GAGE  HEIGHT. 


Dis- 
charge. 


Feet. 
2.20.  . 
2.30.  . 
2.40.  . 
2.50.. 
2.60.. 
2.70.. 
2.80.. 
2.90. . 
3.00.  . 
3.10.. 


Si'C.  ft. 

550 

050 

760 

880 

1,010 

1,150 

1,300 

1,470 

1.660 

1.860 


1 

Gage 
hei^it. 

D!s- 

Gag? 

Dlfi- 

charge. 

hetgJjt. 

charge. 

Feet. 

Soc.  ft. 

Feet. 

Sec.  fl. 

3.20 

S.070 

4.20 

4,  WO 

3.30 

2,290 

4,:40 

4,8^ 

3.40 

2,520 

4.40 

5,150 

3.50 

2  750 

4.50 

5,440 

3.60 

2  H90 

4.60 

5,730 

3.70 

's  2m 

4.70 

6,0  JO 

3.80 

;i.4Jio 

1            4. SO 

6.320 

3.90 

:*  740 

1            4.W 

6,620 

4.00 

4  010 

:        5.00 

6.920 

4.10 

4  200 

1  -*•'-' 

The  above  table  is  applicable  only  for  open  channel  conditions.  It  is 
based  upon  eleven  discharge  measurements  made  during  1907.  It  is  fairly 
well  defined  between  gage  heights  2.5  feet  and  5.0  feet.  The  table  has  been 
extended  beyond  these  limits.  Above  gage  height  5.0  feet  the  rating  curve 
is  a  tangent,  the  diflference  being  300  per  tenth. 
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DiBCUABQE  Measubements  IN  Januabt,  1908. 


DATE. 


Hydrographer. 


Width 


Area 

of 

section. 


Gare 
height. 


Dis- 
charge. 


Remarks. 


Tludaon  River  at  Ikorth  Creek,  N,  T. 
Jan.   22. .    Woo<i  and  Picrson.  . 


I    Feet.     I   Sq.  ft.    I    Foet.    I  Sec.  ft  I 

I         240  523  3.00  746  I  Sonieauchor 

I  I  11     lice. 


Sacandaga  River  near  Uadley,  N.  Y. 


Jan.     4. 
Jan.   24. 


J.  B.  Piorson 

Wood  and  Pierson. 


120  16     I       3.80  '     4, SlOTff Anchor  ic^'. 

115  I         617  ,J     2.37  i     l,150:l!Anchor.ice. 


Sacandaga  River  at  yorthville,  N.  Y. 
Jan.     1. 1  J.  B.  Picrson )        273  |     1,300  |      4.54  1     3.350  | 

Sacandaga  River  at  Wells,  A'.   T. 
Jan.   27. .  I  D.  M.  Wood |       67.5  |         168  |      4.83  |         26911  'Anchor  ic^. 

Schroon  River  at  Rivcrhank,  N.  Y. 
Jan.   23. . I  Wood  and  Pierson |  72  |        216  |       3.02  |        751'irAnchor  ice. 

Mi^cellaneoits   Measurements, 
yorth  Creek  at  North  Creek,  N.  Y. 

Jan.    22. 1   Wood  and  IMcrson !  30  I       20.0  |    '       27.0  I   By     wa.linc 

;  '  :  I        iiif-tcr    oil 

'  j  I       rod. 
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OQNFIEMATIDN  OF  ESTIMATES   OF  HUDSON  PLOW  BY  RAlNiFALL 

STUDIES. 
'  FreqvMDJtiiy  in  |>robkm8  of  power*  development,  the  only  reliable  baais  for 
Mtinuiting  the  amount  of  power  that  oan  be  developed,  is  fnmished  by  a 
matwurement  of  rthe  watershed  area,  a  atii4y  of  the  rainfall  and  a  eomparison 
with  rainfall  reeorde  on  similar  watersheds  from  whioh  nm-off  has  actually 
been  measured,  and  although  in  the  present  case,  the  gagings  at  Mechanicville, 
gave  a  much  better  basis  for  estimating  the  yield  of  the  Sacandaga  and  other 
tributaries,  it  was  deemed  prudent  to  confirm  these  estimates  based  on 
gagings  by  studies  of  the  rainfall  and  by  comparisons  with  the  yield  of  other 
watersheds. 

The  first  question  to  be  answered  by  a  study  of  the  rainfall  records  is 
whether  the  average  yield  of  the  1,050  square  miles  of  Sacandaga  drainage  is 
substantially  the  same  as  that  found  for  the  4,500  square  miles  above 
Mechanicville.  The  chief  results  of  our  enquiry  on  this  point  have  already 
been  stated,  but  some  further  notes  are  of  interest. 

The  rainfall  records  upon  the  elevated  Adirondack  plateau  are  few  and  far 
between  as  compared  with  other  portions  of  the  State.  The  most  complete 
compilation  is  found  in  the  study  by  Mr.  Emil  Kuichling,  published  in  the 
Barge  Canal  Report  and  summed  up  in  his  isohyetal  map,  on  plate  27  and 
described  in  page  795  of  the  Barge  Canal  Report  of  1901. 

The  records  for  most  of  the  stations  there  quoted  have  been  obtained  for 
the  later  years,  and  in  order  that  discrimination  might  be  made  in  the  use 
of  these  records  and  greater  weight  given  to  those  where  the  surroundings  for 
the  rain-gage  wefe  more  favorable  or  where  it  appeared  that  the  observer 
was  more  painstaking,  I  arranged  for  Prof.  Francis  J.  Seery  of  Cornell 
University  to  make  a  personal  inspection  of  all  the  rain-gages  in  the 
Adirondack  plateau,  with  an  examination  of  the  original  records  and  con- 
ference with  the  observers. 


Report  by  Prop.  Francis  J.  Seery  upon  tiie  Several  Rain-gage  Stations 
IN  THE  Adirondack  Plateau. 
The  surroundings  of  each  of  the  several  gages  found  in  use  at  the  begin- 
ning of  our  work  are  shown  in  the  following  sketches.  Prof.  Seery  found 
little  data  from  which  to  judge  of  the  accuracy  of  observation  at  many  of  the 
stations  and  we  have  yet  found  little  to  justify  giving  greater  weight  to 
the  record  of  one  station  than  to  that  from  another,  save  in  the  length  of 
period  covered  and  in  noting  how  it  conforms  to  record  of  two  or  more 
neighboring  gages,  or  in  conforming  to  the  probable  course  of  the  isohyetal 
curve.  Brief  notes  regarding  quality  of  observations  at  some  of  the  stations 
are  given  in  the  following  sketches. 

Additional  Rain-gage  Stations  in  Adirondacks. 
The  following  named  new  stations  were  established  in  order  to  close  gaps 
in  the  existing  lines  of  stations.    The  locations  are  shown  on  the  isohyetal  map 
of  the  Adirondack  region,  plate  10. 
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There  was  a  failure  from  one  cause  and  another  to  get  the  new  gages  set 
in  time  to  obtain  comparisons  ot  the  precipitations  in  the  very  remarkable 
rainstorms  of  September  and  October.  It  is  proposed  to  continue  observa- 
tions at  these  stations  indefinitely.  Maximum  and  minimum  thermometera 
of  the  Weather  Bureau  pattern  were  supplied  at  each  rain-gage  station  and 
are  exposed  in  standard  thermometer  shelters  and  the  readings  taken  daily. 

The  records  at  Xehasane  obtained  to  January  Slst  are  given  in  following 
Uble. 
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steep  hillside -makes  location  r^her  poor 


SPIERS   FALLS 

STaTion  aince  fall  of  1906.  On 
alopin^  hillaide  covared  with  low 
bruah  and  weeda. 

About  li^mile  from  fxmtr  location. 
U.5. «yi ft.  atatviard  t  mch ^«^ >^  Hill  Slopea  about  25 % 

North    funnel  not  kepi  in  ^e. 
Snow  measured  by  melting  contenta  of  can  also  measuring  depth  in  teveral  places. 


Catobliahad    1902 


Not  well  tocatad 


^  ^  ^      fbrmer-  tocafion 


SPIERS    FALLS 


USVU-D-StonclarxS  Ga^e. 


Station  from  1902  to  fall  of  1906 
on  roof  of  bam  whichatandsonecMe 
of  steep  slope  lb  river.  Nothing  hisfiar 
than  tnyt  aave  the  hilla.  A  aita 
^afiy  affected  by  wmd  addiea. 


^ 


^lablished  Oct  IS91 


hnop.  CL.Williams  Observtr 

Located-  many  years  at  Academy 

60  ftct  from  building  2  ft^  above  ground. 


"CarDful, Faithful,  Excellent* 


¥¥^4^ 


GLLNS  FALLS 
Station  at  reaidence 
of  Prof  C.L  Williams 
on  Ridje  St 

fVeaent  Location 


us  Yi.6. standard  fimcn  ^^ 

^  Until  1901  Fuertes  Ga^  used. 

/Snow  measured  and  checked  by  measuremerit. 


C^blished    1897 


fbssibly  less  valuable  than 
some  other  records 
of  the 


GREENFIELD 
Saratoga  County. 

STaTion  in  hen  yard  of  Mr.  5.  E. 
Darrow  on  Saratoga -Corinth 
Road  on  WestcoTt  Hills. 

^  4miles  N.VI.of  Saratoga 

^^^    4miles  SE.of  Kinjs 


^»^ow  meaaured  on  platform  not  melted 


I-.. 


Established    1695 (?^        SysfemaTic  and  very  trusTworthy 
probably  best  record  in  this  vicinity. 


"^'i.'y  XI'  above  ^rouixt 


■^ 


LAKE  GEORGE  N9  1. 

Location  oF  Rain  Ga^  at  Residence  of 
Mr.  Galloway  C.  Morris,  300 ft.  trcsTdf 
and  50  ft.  above  Lake  Geor^ ;  Cla(L3(i3. 
\h  miles  north  of  Caldwell  Village 


Grcalt  care  taken  with  Snow  record 


MofTh    ^ 


Snow  melred  in  }a^e 

Depth  abo  meaeured  at  pe^s  in  yard. 


Established    1904  (?) 


Records  well  kept." 

Good  average  observations. 


UAVIB.  Standard  A  inch  oij^^^v! 


LAKE  GEORGE   N9  Z 

Ram  Ga^  located  in  ^rden  of 
Mr.  C:.M.ohepards  trtoweat  estate 
300  Ft  weat  of  and  70  ft  above  Lakel 
Georje.  2  miles  north  of  Caldwell 
Village.  Chas.  Foraell. Observer. 


funnel  not  always  kepi  in  Gaje-'fj^i 


Snow  measured  by  melting  contents  of  can. 


Established    IS98        Kept  Gyears  by  ^rank  Pilot.      Last  3years  by  L.Severtl. 

Records  faithful 
But  nbt  by  a  skilled  Observer 

Quarry  Hoi«     .,' 


INDIAN  LAKE 

Station  at  keepers  house  600  ft  S.t.  of  Dam 
and  40  ft.  above  Lake,  on  ed Je  of  quarry  hole. 
Hillaide  slopes  TO  Lake  about  I  :io.  Ground 
covered  with  weeds  and  low  brush.  No  trees 
within  1000  feet. 


»''Hj.S.W.S.3Ti 


S.3randard  Sindi  Ga^e 


Established  about  1894 

Observer  E.Grccn. 

p..         Station  A^ent. 


Q  Q  Q  G 
g  0  n  D 


(R>rfner\y  ftul  Smiths) 


DDO 


ofl 


^ 


U.S.W.  a.  standard  dinch  Ga^^ 


GABRIELS 

Station  in  rear  of  Post  Office  in  open 
Held  (rown  to  weeds  and  low  brush. 
Ground  slopes  from  6aniTarium  toward 
east  about  &fV.  in  100. 

n-esent  Observer  EH.Deyke  Asst.  fbstmaster. 

Record  broken. 

Not  very  valuable  except  as  occasional  check. 


Ptamsy-WffwmrftBawlnwwhi^rUStfgy- 


P\.K^^"l 


I  9M  3dfi030  2nAJ 

l^TlM*  .f^C'0€    fci-ioM  .0  <*»clmO  .iM 
i^^^tj  .  s^iowi  •lie J  •vodt  .t1  0^  tHtfc 


{^u^Kf: 


\ 


5  ?M    30JT030  3MAJ 

Jt*<r&l§D  lo  rflH»*»  iftitm  i   »/^v^*.>     I  Mil  'ii.-ni«iii\> 


Mil     il.-Hi«lll\>  >|l     M    IWlll     I         UM|^ 


.pfcv  to  tlnsAnoj'  ^-n»tl  ^.n  ^TdWH WO* m»gf<^' 


»|ftD  ^itq-- 


by  U.S.9i^  Service   Dec.i6ea. 


D  Q  n  D  D  D 

D  D  D  D  D  D 

D  0  D  D 

D  D  D  D 


ale  locations  of  ft»j«>\ 


SARANAC    LAKC 
(Ampersand  Hotel) 

Old  Station.  Probable  locations  of 
ja^e  as  recalled  by  Mr.  fiiasett 
carpenter  at  Ampersand  Hotel. 
Mostly  on  jroimd,  sometimes  on 
cornice.  No  recollection  of  its 
having  been  on  main  roof. 
Record  not  oontinuoua 


SARANAC    LAKL 

Old  station  at  Dr.  baldnin  residence 
on  Church  Street.  Ground  slopes 
steeply  and  at  barn  is  25  feet  above 
that  at  house.  No  Trees. 


^aS.W.O.  standard  fi  inch  $a^ 
"  Exposure  (rood* 


(Present  localion) 
24milesN.^dr^Ma^ 

SARANAC  lake: 
(Trudeau    Sanitarium) 

Rain  Ga^e  on  grounds  of  Sanitarium. 
Cottages  are  one  story  and  do  not 
exceed  15  ft.  in  height.  Ground  slopes 
steeply  to  south  and  east. 
Observations  made  by  palierls,under 
Supervision  of  Dr  SronNn  Observers  are 
thus  often  changed. 


sr  absent  for  the  summer 


J 


U&mS.  STMMwid  S  incti  M«.' 

O  faiit  above*  ^^tiund 


FAUST 
(Tupper  Lake  Junct) 

station  at  home  of  Rev.      Maddox 
on  outskirts  of  village,  rra^mentlnry 
record.     Funnel  not  in  use  when 
visited 


Small  value  for  yearly  record. 


\ 


} 


•     Ml     iC'^     lAU 


n' 


^¥\ 


\ 


« ^*^ 


< 


N 


jfobliahed  Nov.  1659       &y  Mr  JH.Sailey  viho  removed  dbodi  I90a  described  as  3fttt  above 
ground  in  open  space.  Revi  Cyrus  ftrry  Observer;  Z  years.  Then 
Rev.  John  Irons  l^ear.    Hnesent  Observer,  3y«ar5  El  R. Wei  Is 
FVesent  measurements  appear  careful  and 
trustworthy. 

KEENE  VALLEY 

station  in  rear  oT  church 
will  be  moved  soon  Vkm'ike  west. 


wd  Localion 


.t» 


fi         ^U^.M.BL<Srandarddihch$a^   3  fut«boye  ground. 

Snovi  measured  by  melting  contents  of  can.  also  by  taking 
,rf^  depth  on  {found. 


w>^lhfm»dC.Cwnallnir»tmli>hy  KJ-Swrt^. 


^e^.K^'^* 


3  7'-^  J 


iC* 


} 
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At  the  other  itations  in  aoine  cases  there  are  gaps  in  the  record,  and  in 
other  cftsea  inoonBistenuea  such  tliat  it  appears  best  not  to  publish  them 
astil  statioiia  haye  been  reinspected.  The  new  statiozis  are  brieiiy  described 
aa  follows: 

Hope,  Hamilton  county,  established  September,  1907,  by  F.  J.  Seery  at  Wads- 
worth  camp  about  one-half  mile  south  of  Hope  post-office  with  Mr. 
Wadaworth  aa  obMrTer.  Site  seyen  miles  from  Northvilley  which  is 
station  for  mail  and  express.  Location  chosen  was  thirty  feet  away 
from  and  between  cottages. 

Morehouseville,  Hamilton  county,  elevation  1697,  established  September,  1907, 
by  F.  J.  Seery  at  site  two  and  one-half  miles  east  of  the  Morehouseville 
post-office  on  the  road  to  iMbuntain  House  on  the  north  side  of  the 
south  branch  of  Canada  creek.  Express  via  Prospect  Station,  Oneida 
county;  location  of  gage  near  cottage  on  north  side  and  forty  feet  away 
from  obstructions.  Adjacent  buildings  low.  llill  on  north  side  rises 
800  feet  or  more.    John  J.  McQuaid,  Observer. 

Lake  Pleasant  (or  Sageville),  Hamilton  county,  elevation  1770,  first  estab- 
lished by  State  Meteorology  jService,  December,  1889,  Mr.  George  A. 
McCoy,  observer.  Situated  one-half  mile  west  of  Lake  Pleasant.  Record 
not  continuous.  Re-estafclished  for  about  a  year  with  ^Ir.  McVey,  ob- 
server. Discontinued  anA  re-established  by  F.  Ji  Seery,  September,  1907. 
Br.  Dodge  failed  to  begin  ^observation.  Station  re-established  by  Mr. 
Lakeman.    Rev.  Frank  Finkle,*  Observer. 

Old  Forge,  Herkimer  county,  elevation  1,115.  Observer,  Dr.  S.  D.  Nelson. 
(Description  of  surroundings  not  given.) 

Coquette  Lake  (The  Antlers),  Hamilton  county,  established  September, 
1907,  by  F  J.  Seery  with  Mr.  C.  H.  Handy  as  observer.  Gage  to  be 
set  about  twenty-five  feet  above  lake  level  near  the  carpenter  shop. 
Observer  apparently  exceptionally  capable. 

^9katane  (Keepawa),  Herkimer  county,  established  September,  1907,  by  F. 
J.  Seery  with  Mr.  L.  W.  Brown  as  observer.  Location  about  five  miles 
from  Beaver  river  post-office;  also  five  miles  from  Nehasane  post-office 
and  on  estate  of  Dr.  Stuart  J.  Webb.  Site  exceptionally  fine  for  snow- 
fall observations,  being  in  a  clearing  about  300  feet  in  diameter  in  a 
wide  expanse  of  woods.  A  small  fringe  of  trees  separates  it  from  the 
lake.  Obseryer  is  an  assistant  keeper.  Excellent  data  are  expected 
from  this  station. 

^ortfc  Cfreek,  Warren  county,  elevation  1028,  established  September,  1907, 
by  F.  J.  Seery  with  Mr.  W.  G.  Kenwell  as  observer.  Site  on  Main 
street  one-quarter  mile  east  of  post-office,  one-quarter  mile  south  of 
depot.  Overlooks  the  Hudson  and  is  about  tliirty  feet  above  it  and  about 
th^ty  feet  from  the  buildings  with  a  garden  on  either  side,  "^ilv^^^ 
enuM/KTtd  goods 
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Schroon  Lake,  Essex  county,  established  September,  1907,  by  F.  J.  Seery. 
observer  Dr.  F.  S.  Cole.  Site  in  a  garden  in  rear  of  house  on  Main 
street  about  100  yards  south  of  post-office  and  about  one-e/ghth  mile 
from  lake  and  twenty-five  feet  above.  The  site  is  free  from  obstructioni 
near  the  gage. 

An  arrangement  for  the  supervision  and  compilation  of  the  records  from 
the  new  stations  established  was  finally  made  with  the  Section  Director  of 
the  United  States  Weather  Bureau,  Mr.  Wilfred  Wilson,  Ithaca,  New  York. 

Rainfall  Ck)iiPiLATioNS.    Cycles  of  Wet  and  Dry  Yeabs. 

It  is  well  known  that  the  yield  of  a  watershed  for  purposes  of  domestic 
supply,  or  for  water  power,  is  most  severely  tested  only  at  long  intervals, 
and  that  cycles  of  years  of  large  rainfall  alternate  with  successive  years 
of  smaller  rainfall.  The  most  severe  test  within  the  historic  period  is  found 
in  the  Croton  in  the  series  of  years  from  1879  to  1882,  and  the  same  period 
also  gave  the  most  severe  shortage  of  water  upon  the  Sudbury  river  supply- 
ing Boston.  It  is  well  known  that  for  some  years  past,  the  rainfall  has 
averaged  above  the  normal,  or  larger  than  shown  by  an  average  of  the 
records  of  the  last  three-quarters  of  a  century. 

A  study  was  therefore  made  of  all  available  long  term  records  within 
the  vicinity  of  the  upper  Hudson,  in  order  to  learn  if  the  period  covered  by 
the  nineteen  y^rs  of  gagings  of  the  Hudson  flow  at  Mechanicville,  which 
has  served  as  our  main  reliance  in  deducing  the  average  flow  and  the  storage 
requirement  for  the  upper  Hudson,  afforded  a  more  generous  supply  than 
could  be  relied  on  througliout  a  long  period. 

A  comparison  of  all  records  of  annual  rainfall  for  the  Adirondack  region 
is  presented  in  plates  1  and  2.  In  plate  1  the  record  is  given  in  terms  of 
total  precipitation,  and  in  plate  2  the  record  for  each  year  is  plotted  in  terms 
of  ratio  to  the  long  term  mean  or  normal. 

In  examining  these  diagrams,  it  will  be  noted  that  while  observations  at 
the  different  stations  agree  in  a  general  way  in  showing  which  were  the 
dry  years  and  which  were  the  wet  years,  and  ordinarily  show  some  approxi- 
mate agreement  in  the  ratio  of  the  rainfall  in  any  given  year  to  the  long 
term  mean,  there  are  numerous  instances  when  there  is  no  agreement.  In 
general,  the  exceptions  and  lack  of  concurrence  found  in  the  records  of  the 
Adirondack  region  are  much  more  erratic  than  in  the  case  of  the  Genesee 
records  and  sundry  other  regions  for  which  I  have  made  similar  comparisons. 
The  proximity  of  mountains  and  the  great  lakes  and  the  position  of  the 
elevated  station  in  relation  to  vapor  laden  winds  from  the  ocean,  might 
naturally  lead  one  to  expect  occasional  disturbances  or  lack  or  regularity  or 
concurrence  between  stations  in  the  vicinity  of  the  Adirondack  plateau. 

In  general,  from  a  study  of  this  diagram,  we  find  no  reason  to  regard  as 
abnormal  to  any  noteworthy  degree  the  precipitation  upon  the  drainage 
areas  of  the  upper  Hudson  during  the  period  covered  by  the  gagings  at 
Mechanicville,  on  which  we  base  our  estimates  of  flow. 

The  records  compiled  for  this  purpose  were  also  utilized  in  a  new  study 
of  the   isohyetal   lines,   shown   in    plate    10  made   for   dertermining  the   rela- 
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of  the  rainfall  on  the  Sacandaga  drainage  to  that  on  the  entire  drainage 
I  Mechanicyille. 

ere  were  many  short  term  records  also  available  for  parts  of  the  territory 
»therwi8e  oovered,  and  in  order  to  compensate  for  abnormal  rainfall  of 
in  years  and  reduce  all  of  these  observations  to  the  saine  basis  before 
ing  the  isohyeials,  the  method  was  adopted  of  correcting  the  average 
ch  short  term  series  of  records  to  make  it  conform  to  the  normal  or  long 
average  by  first  finding  at  the  neighboring  long  term  stations  what  pet- 
ge  the  rainfall  in  each  of  the  years  covered  by  the  said  short  record 
borne  to  the  long  term  average  and  then  compensating  the  average  of 
hort  term  series  in  the  same  ratio.  The  following  tables  will  make  the 
>d  clear. 
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Comparison  of  Rain  Gages. 

Studies  of  long  term  rainfall  records  in  the  yicinitj  of  Xew  York  city 
and  upon  Long  Island*  have  made  it  plain  that  in  some  cases  the  smaller  pre- 
cipitation recorded  in  early  years  was  due  to  the  use  of  less  perfect  types 
of  rain  gages  than  those  used  commonly  during  the  past  ten  or  twenty  years. 
A  series  of  experiments  has  therefore  been  begun  at  my  request,  in  which 
duplicates  of  the  type  of  gages  used  in  the  earliest  observations  have  been 
constructed  and  exposed  side  by  side  with  modern  gages.  One  set  of  these 
experiments  is  being  carried  on  at  the  weather  bureau  station  at  C!ornell 
University,  Ithaca,  N.  Y.,  and  another  set  at  the  Clarkson  Memorial 
Institute  at  Potsdam,  N.  Y. 

There  was  an  unfortunate  delay  in  the  completion  of  these  gages  prior  to 
the  remarkably  heavy  rainfalls  of  last  September  and  October,  and  thus  the 
number  of  comparisons  in  individual  storms  obtained  up  to  the  present  time 
is  not  sufBcient  to  be  at  all  conclusive.  The  observations  are  being  continued 
and  forms  a  part  of  the  work-  provided  for  under  the  specifications  and  appro- 
priation of  the  Fuller  bill. 

Larger  lU'**otF  or  tiik  Sacandaoa  Drainage  Area. 
Even  after  ;the   most  careful  review  of  all   existing  records,   the   rainfall 
upon  the  several  portions  of  Adirondack   watershed  remains  at  present  not 
well  determined,  ^nd  awaits  longer  records  and  the  few  years  records  from 

additional  stations  recently  established. 

Meanwhile,  I  have  had  to  draw  tlie  isohoytaU  of  plate  10  with  somewhat 
of  a  bold  sweep  from  tho  com  pen. sated  records  of  the  several  rainfall  stations 
after  a  study  of  the  elovntiong  sliown  on  tlie  topographic  maps  and  a  con- 
sideration of  the  lay  of  tlie  land  in  relation  to  the  probable  general  course 
of  the  vapor-laden  winds  for  tlie  same  y)eriod.  Since  preparing  this  isoliyetal 
map,  my  attention  has  Immmi  called  to  a  similar  map  in  the  V.  S.  Monthly 
Weather  Review  for  January,  1007,  by  Mr.  R.  Vj.  Plorton,  in  which  I  am 
plea-ed   to  find   very   much   the  same   conclusions   are   independently   reached. 

These  rainfall  records  and  isohyelal  maps  make  it  plain  beyond  a  doubt 
that  the  Sacandapja  rainfall  averaj;cs  about  five  or  six  inches  larger  than  for 
the  Hudson  above  Mechanicville  as  a  whole,  and  it  is  also  certain  because  of 
frreater  averapfc  altitu<le  and  the  probable  larger  per  cent,  of  forest  cover  that 
the  eva}>oration  loss  is  less.  Tlierefore,  the  Sacandaga  run-off  must  !< 
decidedly   larger   than   that  at   ^Techanicville. 

I  am  led  to  believe  from  the  data  shown  on  our  preliminary  isohyetal  map, 
that  the  average  annual  preci|)itation  on  the  Sacandaga  drainage  is  at  least 
forty-nine,  inches,  being  less  than  -15  inches  at  the  easterly  end  and  more  than 
fifty-five  inches  at  the  westerly  end,  and  that  the  average  rainfall  is  probably 
somewhat  in  excess  of  the  mean  values  shown  by  the  stations  heretofore  ob- 
served, because  of  the  greater  precipitation  on  the  hills  and  mountains  than 
in  the  valleys  where  the  older  rain  gages  are  located. 

The  mean  annual  rain  fall  for  the  entire  Hudson  basin  above  Mechanicville 
is  probably  about  43  inches.  If  so.  the  precipitation  on  the  1,050  square 
miles  of  Sacandaga  drainage  is  six  inches  larger  than  for  the  entire  area  of 
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4,500  square  mi  lea  above  Mechanic  vi  He.  Since  tbe  run-off  in  tliis  forest  covered 
mountainous  region  is  fully  half  the  rain  fall,  this  dix  inches  of  extra  rain 
fall  would  add  at  least  three  inches  to  the  run-off.  There  is  no  reason  for 
thinking  that  the  ratio  of  nin-ofT  to  rain  fall  would  l>c  less,  indeed  the 
contrary  is  true  and  so  we  may  expect  15  per  cent  more  run-off  per  square 
mile  on  the  Sacandaga  than  on  the  Hudson,  and  since  our  mass  curves  have 
shown  that  a  draft  equivalent  to  twenty-two  inches  run-off  may  be  relied  upon 
from  the  Mechanicville  records  for  the  entire  upper  Hudson,  we  are  justified 
in  exfiecting  22-^-15  per  cent.=  25.3  inches  run-off  from  the  Sacandaga,  or 
about  1,950  cubic  feet  per  second,  instead  of  the  1,700  derived  from  the 
'  Mechanicville  curve. 

The  Esopus  experience  quoted  on  page  118  in  comparison  Avith  the  Croton, 
indicates  a  fliuch  larger  rain  fall  and  run-off  from  the  mount^iins  than  from 
the  lowlands,  and  long  term  records  are  more  likely  to  increa.se  than  to  dimin- 
ish this  figure  of  1,050  cubic  feet  per  second  of  ilow  constantly  available  from 
the  Sacandaga  reservoir  as  proposed. 

Yield  of  Water  Power  from  the  Kstimatkd   tYow  from  Sacandaga 

I^KSERVOIR. 

Estimating  the  Sacandaga  reservoir  yieW  conservatively  nt  1,700  cubic  feet 
per  second  to  allow  for  lack  of  precision  in  gagings  and  for  more  severe 
droughts  and  calling  the  extreme  average  net  available  fall  185  feet  and  the 
turbine  efficiency  75  per"  cent,  we  obtain : 

1  700x52  4x185x73 Or  ('mechanical    horse    power    on    turbine 

—  =  26,761-5  shafts  24  hours  per  day,   7  days  in 

^^^  \^  the  week,  throughout  the  drj'est  year. 

or,  say, 25, 000  horse  jiower. 

Should  we  thus  take  all  elements  at  the  maximum,  the  flow  at  1,900,  the 
working  fall  at  185  and  the  turbine  eflicioncy  at  80  per  cent,  the  24-hour 
7  day  average  of  power  from  tlie  Saeandagi  becomes  about  30,000  net  horse 
power  on  the  turbine  shaft  instead  of  tlie  2r).000  as  j>reviously  figured,  and 
this  30,000  horse  ])Ower  24  liours  7  day^  in  the  week  is  the  most  prol)abIe 
figure  for  the  complete  Sacandaga  development,  and  under  use  with  a  40 
per  ceff.  load  factor  would  generate  at  95  jwr  cent,  cflicienoy  53,200  kilo- 
watts, which  at  85  per  cent,  efficiency  in  transformation  and  transmission 
would  deliver  in  ordinary  working  hours  a  maximum  of  60,500  horse  power 
to  the  consumer,  exclusive  of  the  ])ower  added  by  this  stored  water  at  the 
sites  all  along  the  Hudson  from  Palmers  Falls  to  Troy.  This  gives  the 
measure  of  the  new  power  plant  to  1^^  planned. 

Increase  of  Power  at  the  Preskxt  Hunsox  River  1'i.ants  1)i:e  to  the 
DisciiAROE  OF  Storage  from  the  Sacandaca  Reskkvoir. 

As  has  been  already  stated,  this  reservoir  may  be  used  according  to  two 
different  methods  for  the  benefit  of  the  power  sites  upon  the  Hudson  river. 
In  the  early  years  or  before  the  long  tunnel  and  power  plant  near  Hadley 
are  built,  the  storage  can  be  all  used  for  reinforcing  the  flow  of  the  Hudson, 
holding  it  all  back  in  those  months  when  water  in  the  main  river  U  ^l^xv\,^ 
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and  cfaiiDging  the  rate  of  discharge  from  the  Rawuidaga  from  day  to  diy, 
80  as  to  maintain  the  Hudson  flow  at  a  uniform  rate  at  some  mean  loeatiai 
such  as  Spier's  Falls,  or  perhaps  at  Mechanievillo  if  nsrigatioii  mteresti  in 
paramount. 

While  I  believe  the  greatest  good  would  be  foond  by  ■eleetiiig'  aoiBe  loedttg 
farther  upstream  than  Mechanicville  as  the  point  of  control,  tlnia  regardii| 
the  water  power  as  the  paramount  interest,  I  havo  bued  the  followiqg  camfi 
tation  upon  maintaining  the  flow  constant  at  Meefaanierille,  u  was  done  in  ik 
earlier  reports  of  the  State  Engineer. 

The  first  step  in  this  computation  is  the  determination  of  tbe  aTerag 
flow  in  the  Hudson  month  by  month,  and  much  better  result!  are  obtainei 
by  first  arranging  the  months  for  taking  the  aTerage  in  tbeir  order  of  drj 
ness  instead  of  in  their  calendar  order. 
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In  the  foregoing  computation  the  Sacojidaga  yield  is  taken  strictly  propor- 
tional to  thtt  Hudson  yield  measured  at  Mechanicville  —  it  is  probable  that  the 
Sacandaga  drainage  yields  15  per  cent,  more  than  this. 

INCREASE  OF  Hudson  Hiveb  Power  fbom  Sacandaga  Storage,  First  Stage. 

Increased  Power  at  Present  Hudson  Plants  if  Sacandaga  he  Used  Solely  for 
Benefit  of  Hudson  River. 
Twenty-four  hour,  7  day  horse  p<nver  with  75  per  cent.  efTiciency  of  turbine. 

Computation  of  Increased  Power  at    the  Several   Sites. 


Work- 
ing 
head. 


Adflod 

in 
dryest 
month. 
(325.5) 


2nd. 
dryest 
month. 

(277.  S) 


3nl. 
dryest 
month. 

(194.5) 


4th. 
dryest 
month. 


5th. 
dryest 
month. 


6th. 
dryest 
month. 


(151.5)  I    (S8.5)    .    (21.3) 
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Biher'ji  Fails » 
Fort  Edward »' 


84 
75 
18 


27,340 

24,410 
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23.330   !    10.340   I    12.7:W)  '      7.430  1.780 
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5,000   I      3,:)00   I     2,7:H)   :      1,590  380 


FortMUIer., 
8i«toga.... 
Stillwater... 


JfcriunicviUe 

Mfchanicville,  elec 

Troy 
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I     38 
70 

12,370 
22.780 

10,r>60 
19.4,-^ 

7,31M) 
13,610  1 

5.760 
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3,360 
6.200 

810 
1.490 

IS 

5,S60 

5,000 

3,:^o 

2,730  1 

1,590 

380 

9 

18 

6 

2,930 
5,800 
l.U.-iO 

2..-^)0 
5,000 
1.670 

1.750 
3.500  , 
1,170 

1,360 
2,730  i 
910 

800  1 

1,590  1 

530  1 

190 
380 
130 

18 
19 
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5,860 
O.ISO 
2,280 

5,000  1 

5.2S0 

2.060 

3,500  ! 
3,700  1 
1.300 

2.730  , 
2.8S0  1 
1.060 

1.590  1 
1.680 
620  ! 

380 
400 
150 

380  123,680  110.1,680   73,910  '  57,510   33,620 


8.070 


Total 

Average  power  added  at  all  sit<'s  for  6  dry  month"?. . . 
Cbi'Ck  avengers 380 x  170.52  ^  67,080  honse  power. 


4()2,470 
67,080 


Or  the  Sacandaga  storage  a.s  thus  ii^ed  in  First  Stn«^'e  can  \>e  made  to  add 
•7W  horsepower  of  24  hour,  7-day  jjowor  throughout  the  dryest  six  months 
of  the  average  year  at  the  sites  already  developed  on  tlie  Hudson. 


Grmiing  .thai  the  Sacandaga  pirhh  15  per  cent,  mure  runoff  per  ftquarc  mile, 
tte  inermued  power  will  he  cor rrspomli ugly  larger  than  is  here  computed. 

There  is  said  to  be  a  tokil  un(levoloj>eil  fall  of  ab(»ut  70  feet  between  Spier's 
fcDi  and  the  feeder  dani  at  Gien-i  KalN.  The  aiMitional  power  upon  this 
•wild  be  substantially  the  same  as  fijrureil  above  for  Sjnuly  Hill  and  Baker's 
Falls,  and  would  therefore  add  70/3S0  or  IS. 4  p»'r  cent,  to  the  totals  fifrnred 
ihoTei  Hiking  the  total  averagi>  addition  in  the  dry^v^t  month  about  146.500 
hone  power,  and  in  the  dryest  six  montlia  ab<»ut  70,r)00  hor-e  power. 
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PowE»  FROM  Sacand.\ga  Stobagb,  SECom)  Stage. 
Increased  i)o\ver  on  present  Hudson  river  plants  if  constant  draft  of  1,700 
c.  f.  s.  be  drawn  from  Sacandaga  reservoir  for  new  potoer  plant  f%ear  IBadley. 
Computation  of  Power  from  the  Stored  Water,  Per  Foot  of  Fall. 


Number 

of 
month 
in  order 

of 
dryness. 

Name  of 

month 

oftenest  in 

this  order  of 

dryness. 

Average 

natural 

yieid  of 

Sacandaga 

in 
proiwrtion 

to 

drainage 

from 

Mochanicville 

gagings. 

«*^eir 

Increase 

in 

main 

river 

due 

to 

regulation. 

H.  P. 

of 

increased 

flow 

in 

1  ft.  faU 

at 

75  per  cent 

efficiency. 
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3 
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4... 
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51  06 

5 

36  58 

0 

1.460  1          1,700 
1.600  :          1,700 

1.820  1          1.700 

•  20  42 

' 

November 

8.51 

1 

1 

t349.S7 

8 •  January 

9 

December 

10 

March 1              2,480 

Mav 3.300 

1.700 
1.700 
1,700 

12 

12 April 5,080 

♦  Average  six  months,  56.81.         tAvi.Tajje  seven  months,  49.91. 

Power  fkom  Saca.ndaga  Storage,  Second  Stage. 
luorcasod  i>ower  on   present.   Hudson  river  phints  if  constant  draft  of  1,700 
c.  f.  s.  l)e  drawn  from  Sacauda<;::i  reservoir  for  new  poxcer  plant  near  Hadley. 
Com puta lion  of  Incrrasrd  lunrcr  at   the  Several  Sites. 
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3.  4 SO 
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1.390 

780 
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4,260 
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1.430 
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1  ,  050 

S2() 
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1 . 4.-)0 
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1 .  4rA) 
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1 ,  100 
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loO 

5.'»0 
1 , 6.^0 
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4S0 
1.4r>0 
1 ,  530 

360 
1.100 
1.160 

310 
920 
970 

220 
660 
680 

120 
370 
390 

60 
1.50 
160 

640 

560 

430 

350 

260 

140 

60 

34,770 

30,550 

23,160 

19,400 

13.890 

7.770 

3,230 

Average  7  months 380x40.91=18,970 

Average  6  months 380x56. 8 1=»2 1,590 

Total  7  months 132.770 

Total  6  months 129.540 
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^r  the  storage  as  tliiis  used  in  second  stage,  can  be  made  to  add  an  average 
18,970  net  24  hour,  7  day  horse  power  for  dryest  seven  luonths  and  21,590 

dryesi  six  months  at  the  several  sites  already  developed. 
Vt  the  undeveloped  fall  of  about  seventy  feet  below  Spier's  falls  the  ad- 
ional  power  would  be  about  the  same,  month  by  month  as  is  reckoned  above 

Sandy  Hill. 

Scope  of  the  Sacandaga  Surveys. 

This  has   already   been  outlined  on   page   35   and   the  series  of   25   maps 

re  presented  in  small  scale  photographic  reduction  from  the  original  sheets 

I  the  story  of  scope  and  completeness  of  the  survey  so  fully  that  little 

cription  needs  to  be  added. 

The  whole  area  to  be  covered  somewhat  exceeds  00  square  miles  of  which 

3  proposed  to  flood  42  by  the  reservoir. 

V  large  part  of  the  bottom  of  the  proposed  reservoir  consists  of  flat  meadow 

i  wooded  swamp  lands,  but  the  shores^  are  mostly  rather  steep  irregular 

pes  which  in  many  cases  are  coverod  with  brush  making  progress  of  survey 

w  and  difficult. 

Obviously  the  work   of   first   imi)or lance   was   the  obtaining   of   data    for 

iting  the  elevation  of  the  flow  line,  the  position  of  the  future  shore  line  in 

ition  to  existing  structures  and  therefore  a  strip  varying  from  %  to  % 

e  in  width  aggregating  nearly  16  square  miles  in  area,  was  first  surveyed 

almost  the  entire  circumference  of  the  basin.  Traverses  were  run  and 
[icient  levels  taken  to  obtain  in  a  jifcneral  way  the  lay  and  general  elevation 
tlie  bottom  land  to  the  extent  of  about  25  square  miles  more.  In  addition 
>ut  2  square  miles  of  area  down  stream  from  the  dam  was  surveyed  in 
uection  with  the  power-house  studies. 

Reside  this  a  rough  survey  was  nearly  completed  around  the  Hadley 
servoir  on  the  Hudson  which  will  serve  as  a  basis  for  future  extension 
i  which  serves  to  locate  the  Hadley  dam  and  to  show  the  property  in 
zeme  and  Hadley  that  would  be  afl'ected.  About  197  miles  of  traverses 
re  run  on  the  Sacandaga  sur\'eys  and  about  24  miles  on  the  Uadley  surveys. 
>ne  hundred  and  flfty-five  miles  of  check  levels  were  very  carefully  run  for 
ablishing  benches  and  214  permanent  bench  marks  established.  During 
:  course  of  the  survey  the  elevations  and  positions  of  about  60,000  points 
re  determined  for  use  in  mapping. 
Twenty-six  test  borings,  aggregating  1,304  feet  in  depth,  were  put  down  I)y 

force  under  Mr.  Ropes  and  122  samples  of  the  substrata  preserved  in  glass 
ties  for  future  reference.  Severe  winter  weather  and  snow  caused  a  sus- 
ision  of  Peld  work  on  I>ecenil)er  10,  after  which  the  efforts  of  the  force 
re  concentrated  on  map  making,  designing  and  estimating. 
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PROPOSED   PLAX  OF   SACANDAGA  WORKS. 

The  main  features  are: 

1.  A  dam  at  Conklingville  raising  the  water  about  55  fieet  abore  its  present 
level. 

2.  A  lake  of  about  forty  square  miles  at  high  water  formed  by  the  flooding 
of  the  valley,  due  to  this  dam. 

3.  A  spillway  over  soli^J  rock  ofT  to  one  side  of  the  dam  and  sufficient  for 
carrying  the  greatest  conceivable  flood. 

4.  Sluiceways  through  which  as  high  as  6,000  cubic  feet  per  second  may  be 
discharged,  these  sluices  and  their  intake  forming  the  head  works  of  a  future 
power  tunnel  in  the  ledge. 

The  above  comprise  the  first  instalment,  sufficient  for  giving  the  Hudson 
at  Mechanicville  a  uniform  flow  during  the  dry  six  months  of  the  year, 
never  less  than  6,500  cubic  feet  per  second. 

5.  At  some  later  date,  a  power  tunnel  under  the  mountain  toward  tlte 
power  house  near  Hadley,  about  two  miles  in  length  and  about  twenty  feet 
in  diameter. 

6.  A  power  house  equipped  with  four  or  five  units  for  regular  use,  each 
of  10,000  kilowatts  capacity  and  one  spare  unit  of  same  size,  the  whole 
being  designed  to  supply  about  60,000  electrical  horse  power  to  consiuners 
during  ordinary  working  hours,  every  working  day  in  the  year,  as  per  com 
pulation  on  page  147, 

7.  A  tail  race  about  a  mile  and  a  quarter  in  length  and  formed  mainly  br 
deo{)oniiig  the  ]>resent  channel  of  the  Sacandaga  river  from  its  mouth  up- 
wards. l»y  nio:nis  of  droiliriii;^'.  pjorings  show  that  l)encath  the  river  bed  the 
material  for  about  lifly  feet  or  n'ore  in  depth  is  sand,  shingled  over  with  .i 
layer  of  boulders  and   cobble   Ptoncs. 

T'orings  and  test  ]'il«  and  ."-Indies  of  land  values  are  not  yet  comjdete 
enough  to  show  precisfdy  tlu'  economic  limits,  but  what  I  have  aimed  at  i^ 
the  maximum  utiliz:Hi<»n  that  this  site  will  afTord,  and  subject  to  revision, 
it  is  now  pro]»o?ed  that  the  ilow  line  in  extreme  floods  should  seldom  or  ne\>r 
rise  above  contour  773  ab'-ne  sea  level,  this  being  with  a  depth  of  three  fe<*t 
over  a  spillway  Avitli  crest  at  elevation  770.  It  is  proposed  that  the  lake 
should  never  W  draun  more  than  thirty  feet  below  the  spillway  level.  It  i? 
possible  that  the  furtlier  studies  may  lower  the  height  of  flow  line  five  feet, 
and   ]>erhai)s  more. 

In  the  early  yt-ar-  l)ofi»ro  th^  power  hon-e  is  built,  while  the  reservoir  i« 
used  soh'ly  for  tho  Ix-nfiit  of  the  power  sites  along  the  Hudson,  all  the  way 
frf>m  Palmers  V:\U<  to  Troy,  tlie  equivalent  of  a  yearly  average  discharge 
of  1,700  fe«'t  jM^r  second  (or  more  probably  1,000  c.  f.  s.)  every  hour  in  the  year 
wliie'h  suoli  a  rc^<'rv'»ir  i<  found  ca])able  of  su]>plying,  would  be  nearly  all 
di>^c]iarged  witliin  tin-  six  dry  motiilis.  thus  averaging  about  3,100  cubic  feot 
jH-r  second  for  the~<'  montli^,  but  in  the  dryest  week  of  a  dry  year,  averaginir 
a^  hig1i  as  o.OOO  cubic  feet  per  -o^f)nd,  and  varying  month  by  month  as  need«^l 
to  supplement  tlie  fb.w  of  tlie  main  Hudson,  as  shown  in  table  on  page  152. 

In  the  later  years  after  the  j)ower  house  is  built,  it  is  proposed  to  draw 
the  reservoir  at  substantially  a  uniform  rate  throughout  the  year,  regulating 
the  rate  of  draft  from  hour  to  liour  mainlv  for  the  benefit  of  this  Sacanda^ija* 
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ir  house,  and  a  few  years  later  or  as  soon  as  the  Sacandaga  power  house 
'pmB  fully  utilized,  building  other  reservoirs  on  the  upper  Hudson  above 
Worth  Creek  and  at  Hadley  and  upon  the  8chroo$i,  which  would  in  com- 
^tmation  with  the  regular  draft  from  Sacandaga  reservoir  maintain  as  great 
b*  a  greater  flow  for  all  the  mills  below  Hadley,  than  the  6,500  cubic  feet 
second  provided  for  in  the  first  stage  while  the  Sacandaga  reservoir  was 
)mfOted  solely  to  the  use  of  the  down  river  mills  and  therefore  kept  nearly 
hnt  off  for  six  months  in  the  year. 
It  18  planned  to  take  the  whole  head  of  the  new  Sacandaga  Lake  into  the 
T-house,  with  the  exception  of  what  is  lost  by  friction  in  the  tunnel,  and 
proposed  to  make  the  tail  race  deep  enoupfh  so  that  the  power-house  will 
kve  the  benefit  of  tlie  Hudson  level  below  Hadley,  as  nearly  as  the  necessary 
tion  loss  in  this  tail  race  channel  will  permit. 
The   varying  head   in   the    lake   will    involve   the   use   of   a   tunnel   under 

re. 
A  surge  sliaft  and  tank  :at  .the  lewer  end  of  this  tunnel  is  designed  so  as 
» prevent  any  large  oscillations  of  head  when  rate  of  po^^T^  draft  is  suddenly 
iged,  and  by  this  means,  high  velocities  in  the  tunnel  may  be  used  during 
loads.  '     ^     .'-,  , 

The  general  layout  is  shown  in  drawings  of  ptotes  Xos.  11  to  16. 
The  average  elevation  in  tlie  lake  would  be  765   feet,  for  as  is  shown  in 
fte  depletion  diagram,  plate  4  and  in  the  description  on  pages  113  to  116 
U  reservoir    would    seldom    be    drawn    down    more    than    ten    feet    at    the 
tttrexne  low  point  of  an  ordinary  year. 

And  allowing  a   total   friction  loss  under   average   working  conditions   of 
Meen  feet  in  head-works,  tunnels  and  penstocks,  this  leaves  for  the  working 
kad  at  the  power-house,  elevation  750  feet. 
Assuming   that   tlie   tail   race    can   be    dredged   economically   in   the   sandy 
iterial  shown  by  the  borings,  of  such  ample  size  that  there  will  be  a  loss 
if  only  about  one  foot  per  1,000  feet  or  of  seven  feet  between  the  turbine  pit 
ttd  the  Hudson  river,  which  at  the  confluence  has  ordinarily  an  elevation  of 
•18,  this  gives  as  the  working  level  in  the  turbine  pit  an  elevation  of  555  feet 
ibove  sea. 
The  working  head  will  therefore  be  750  —  555  =  195  feet. 
To  allow   for   possibilities   of   the  lake  level   having  to  be   lowered,  or  of 
fte  tail  race  level  being  higher,  we  call  the  net  fall  ten  feet  less  than  just 
•timated,  on  185  feet. 

Each  ten  feet  difference  in  the  net  fall  makes  a  difTerence,  including  40 
per  cent,  loud  factor  and  other  factors  as  above,  of  about  2,700  horse  power 
•t  the  consumers*  end,  and  adds  nothing  in  cost  of  tunnel  or  turbines  or  cost 
^power-house  or  in  the  daily  cost  of  attendance  and  maintejiance  and  adds 
mbstantially  nothing  to  cost  of  transmission  plant,  and  if  this  electrical 
power  under  the  40  per  cent,  load  factor  is  worth  no  more  than  twenty  dollars 
per  horse  power  at  the  consumers*  motor,  tlie  yearly  value  of  each  ten  feet 
additional  hend  would  be  $54,000,  which  capitalized  at  0  per  cent,  is  .$900,000, 
»  capitalized  at  S  per  cent,  t/?  $675,000.  And  this  is  the  limit  to  the  extra 
expense  that  could  be  profitably  incurred  in  gaining  ten  feet  of  extra  head. 
This  shows  the  importance  of  so  designing  the  plant  as  to  secure  tlie  utmost 
Wl  on  the  turbines  by  means  of  a  high  reservoir  level  awA  a\^o  Xyj  tk.  <^^^^i- 
dpjf  tail  race  channel. 
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The  preliminary  designs  have  been  made  for  a  tiinnel  lined  with  ( 
of  the  ordinary  horse-shoe  aqueduct  section,  and  equivalent  in  area  to  I 
of  twenty  feet  in  diameter. 

A  preliminary  study  had  made  so  plain  the  importance  of  obtaini 
greatest  possible  elevation  of  flow  line  for  tlie  purpose  just  mentioned! 
order  that  suflioient  storage  could  be  liad  to  carry  over  from  a  year  ( 
rain  full  for  use  in  a  year  of  small  rain  fall  and  yet  have  enough  to  J 
at  all  times  keeping  the  swampy  bed  of  the  basin  well  covered,  that  I 
to  determine  the  maximum  height  of  flow  line  permissable  were  made  i 
detail. 

Contour  lines  at  all  the  villages  bordering  the  lake  were  traced  < 
all  dwellings  and  other  buildings  were  located  out  as  far  as  could  be  I 
by  the  highest  possible  flow  line,  and  plans  for  future  reference 
pared,  as  has  been  already  sot  fortli  in  items  9,  10  and  11  on  pa^efl 
'M).  There  land  plans  form  Series  **  C."  Small  scale  photo-engrAvii 
appended,  at  end  of  report,  that  tlie  information  obtained  may  notj 
buried  from  use. 

The   accompanying   drawings,   plates    11    to   16^   show   the    outUneij 
proposed  dam  and  power-house  structures. 

BoBiNGS  AT  Dam  Sites. 

Wash  borings  were  promptly  undertaken  at  the  several  sites  which  i 
most  favorable  for  a  dam.     Owing  to  the  lateness  of  the  season  the  1 
of    holes    put    down    was    much    le-s    than  desired  and  the    contra 
undertook   making  diamond  drill  borin<j:s   to  bed   rock  suflfered   from  a] 
of    financial   misfortunes   and    mechunical    accidents,    such    that   he   suo 
in  putting  only  a  single  hole,  to  tlie  dopth  of  about  100  feet,  without  : 
ledge. 

^Ir.    Parsons,   engineer   of   the    Hudson    River   Power   Co.,    kindly   gti 
results  of  a  few  similar  borings  tliat  he  had   put  down.  J 

Samples  from  thesi*  Imrings  have  ht'on  ]»rcserved  and  forwarded  to  thsl 
of  the  State  Wator  Supply  Commission  at  Albany. 

A  few  rc[>res<'ntative  specimens  were  forwarded  for  expert  exami 
one  set  to  one  of  the  experts  of  the  Hoard  of  Water  Supply,  who  was  en 
in  making  many  hundred  d<-<'p  l>orin«^s  on  T.ong  Island;'  and  another 
the  same  to  Prof.  W.  O.  Crosl)y  of  Tioston.  Consulting  Geologist  t04 
Metropolitan  Water  f^oard  of  IJoston  and  to  tlie  Board  of  Water  SuppU 
N('W  York  city.     The  re}>orts  follow  on  the  next   paf:(o.  ; 

From  my  personal  examination  ami  from  the  more  complete  daily  exail 
tions  of  Mr.  Roj>e3  as  tli<^  work  pro^n-essed,  I  ])elicve  that  all  borings  fl 
far  made  concur  in  sliowin;^  the  f<Msibility  and  safety  of  the  type  of  ft 
proposed  at  this  site?,  but  hcforo  iMMcmin^j:  (Iclinitely  committed  to  so  impniti 
a  work,  many  more  borin^^  should  bo  takon. 

All  hori)ujs  vcnicur  in  shoviufi  that  a  drrp  huried  gorge  more  thM 
hundred  feci  deep  exists  all  along  under  the  river  bed. 

The  followinf^  is  result  of  cxjH'rt  zoological  examination  of  a  few  of  \ 
samples. 
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ICO  State  Water  Supply  Comimtssiox. 

MAi^^^AClIl'S^.TTS    INSTITUTE   OF  TECHNOLOGY. 

Boston,  Mass..  <;i:ologioal  Dept. 

Cla'i.'*ifiC':tion  of  a  Feu:  Soniplfs  from   Sacandaga  Dam  Site. 

February  27,  1908. 

M;:.  .H'liN  R.  ri:i;KMAX.  CotnnuIUtnj  llinj'nmr,  Pruvitlcncr,  R.  J.: 

Mv  liFAi:  Sir..---  I  liaM'  oxaminrd  tin'  samples  of  earth  from  the  proposed  dam 
viti'  oil  tli.^  Saoandn;;a  rlvor  sent  mo  by  Mr.  Kop<^^,  and  beg  to  report  on  the 
>ai!i«-  MS  follows  : 

T'.-t  pits  }i  nntl  U  mil  soiithirly  side  of  dam  site  B).  These  two  samples  are 
i's<.»itially  Id.'iniral.  Th.»  iiiatirial  Is  clearly  a  rather  ftandy  till  or  bowlder 
iliiy.  di'iivftl  l»y  ^lailal  iro^ion  from  a  pranltic  bedrock.  It  is  of  a  highly  coni- 
i»'.sir»>  ili.i.r.iitrr—  a  h»tt'ri>L'«  in  •»U'5  mixture  i»f  particles  ranging  in  elxe  from  gravel 
T>)  r<M>k  llciur  Mild  vlay.  tli«*  tltior  grado.s  of  sand  and  rock  flour  largely  p^^ 
il'iinlnatiDir.  Th**  prMiMirtion  of  true  olay  is  quite  small,  but  still  sufficient  to 
yii'ld  a  liirn  mass  l>y  dry  in;;.  Alth<iUi;h.  to  the  naked  eye,  the  material  appears 
it<  !i^<-  or  i.nti  iioiMns.  it  alisoriis  wafiT  rapidly  on  partial  Immersiwi,  showing  that 
the  Intorstiros  are  iiiainly  capillary  in  Bize,  nud  not  sub-capillary,  ns  would  he 
thi»  ca^L'  in  a  trii«'  «lay.  It  cannot,  therefor**,  be  described  as  impervious;  but, 
I  l.i-!ii'\o.  nfVi^rtln'lf«<s,  That  actual  trial,  for  which  these  samples  are  Insuffldent, 
Willi:.]  sii.iw  tli:it  ih»'  filirnrion  r;it».'  is  low.  Abundant  experience  has  shown  that 
\\\U  as^o.iaiioi,  nf  a  low  lilt  rati  mi  rati-  with  a  marktKl  degree  of  pcrviousni»s3  is 
iioi    uiiu<»ii:il.   m:i(1    that    it    Is  I'S] ially   I'haraoteristlc  of  rock  flour  and  sandy  till. 

I'.y  \irtu»'  of  it<  sandy  aiul  is.si'iit billy  non-clayey  character,  this  till  would 
\\'\*\  r-.-uIily  lo  a  >ir.'aiii  of  w:itiT.  and  thus  l>e  found  well  adapted  to  oxcavatlon 
jtri'l  i:-Mn<i»ortaiioii  l)y  lb*-  hydraulic  m»'thrid.  In  fact.  It  may  he  doubted  If  parth 
nior.'  ■^uit:|l^l»•  for  us*'  in  this  way  could  bo  found:  since  a  larger  proportion  of 
ila\  ^\ollld  aiM  to  thi*  n-iisiainv  to  excavation  without  insuring  a  larger  pro- 
por-tiou   of  clay  In  the   n.'-drpo>ltcd   material. 

I'hi-  marked  bufT  cN.JDr  of  iIj.^sm  sami)U'S  is  duf  to  oxidation,  and  indicates  that 
tln-y  are  probably  from  rn-ar  thp  surface.  Or,  if  from  a  considerable  depth,  the 
'•■■;«M*  affords  ailditional  prom"  i.if  unusual  porviousness  for  till.  The  general  offoct 
of  oxidation,  nsidi'  fi-oni  clianp'  of  rolor  from  gray  to  buff,  is  to  cement  the 
'■arM'-I'-s   :ind   \«l.   I<'n\"   tli-   siruoturc   more  oi>en. 

7.  7/./.'     /■   ';i'     .::.:m     ::t.-     I>     i;'.il..;>i.il     sin.-i     s..uthorly    side.      This    pamph'   I? 

■  ■-■■•■..■■.  .1  ■:  :  r  ■■.  '.:■  ■■■ii;-  _'.  "N-'.-iit  ihni  \\\o  roUir  is  gray  iiisT«-:i'l  <>f 
'..I    :-:<!    ■!     ■          i-.      ::    i'-'. -.    '•■■•:.■•    :'r.:ii    a    jrr--at.T    «1.  ]>th,    or   at    any    raii^   fmra 

V-  '  .'./  ',.  .  :-  .  -•  ;  I'.  s-.rl-.-T'y  -M.-  Tl-.is  v;i:ii;il.'  is  jil«o  essontially  siiiiil.ir 
;..  :i-.      li-:.      y-  ;■*    -'.t    '.r    i-    ili-i'-^tly    n'..;-.-    v,:in.ly.    c-uitalning   lianlly    ni'^K 

■.I-,    .1    ':  !    ■•    ■;    i'i_\.       .\\    .:;:•;■  >\:r:i;it"    ;ii'ii!y-is    sli')W<  : 

<  .  .         ."O  p.T  O'-nt. 

•  ■  .  ■  iii     i-i..::       :     -.::  1! •_•.">    p-T   T'-nt. 

•    :.-!       i:^    p-:-   <-.nt. 

..    ■.■  ■    ■  ■      :  ■  -I    .  ••  1    ,•  ■  ■■;    .'.   ■: in  p.T  o-nt. 

•' ■  ■  .  1  '  ■•  :!;i:  v.i^f  :.\  •  -ir.-r.  :  ;i  ■■..!.■.:'].  r.-'.M.'  I'lss  of  cMay  and  mck  il'-^nr 
I.  ;  V  .'■•:.L'  :"iM,ii  ..f  v.:ii-:-  .v.  ll".'  '.ii.-  of  its  (l-iioslt ion.  Uut  it  Is  prohal'le 
!,.•!  ;..'  ■   ■>!    ■'.:-    :;.-.    !i:_'.i!y   ,■.■■■;■  .-ii.-   .-h.-'.i-a'M.T   '.Tivcs   It    a   low    filtration  rat-v 

I',  i.-i"'  ".■■  :  -r  ■-  :■■■-  :-«ii-:iii\'-  :'-i->  .l.-pth  t::n?i  for  i«aiiipl«\s  B  and  D.  l)pcaii«0 
..  I  .■•  :-i  ■:■■  >it,!;.  ;ii  ■!  p.  ;-;m.:!''.-  .■'i:ir.i*-i.-r.  I'lit  for  tlir  an.JTular  an<l  unworn 
■:•..■:•  :■•■■;,    :'^    i'".;i*.    if    ■•:<:■_'■  <1    '•\    y-   ^'r:i!l    a   sampb'.    b«'    n-irardcd  as 

■ r.i-.-,  ■•;;.    J--.  ■;   {];;.      !i:'.      V\.\'\     \-<-\\.\\-^r<  wv  ■  <^^«-,.t:al   t(i  th.>  <atIsfa«'tory 

■  '■;  •   :  '.'■•A*  !oM    I.]    -  ;■'■!.    ::  >l  «'ri;i'-. 

.-■-...'.  •:<..  r.  ..-.  ::..:■  :.::•->■  l^  .!:i'i«.  vif..  j  >,  f.- .i^i  b-Tln-JT  l^.l  f -''t  <1''''P 
.  !■  ■,,■  •  I'-..:  !  :■  .  1  iii'»  to  Is,-.  :  .,  1  .i,,v.v  i-.j.  .-.f  l;.,;...  'I'liis  is  fs<.-ntiall.v  a 
:  ..■  .  1.-  ..■■  -  ,  .  ■•  I  ■  ■  ;  .-  ..|  ;•  ■  :;  ''-.iir  .1'..  7.  ^«  v.-'t 'ir.-it  ,-'.iy.  It  is  iii...li'«.ii  or 
•■.■■■■■•.I   'l:.ri    w',:- 1  -    ■■••:     ■!   j-. .>;'.■. 1    in   '-Mn  lir-tr   \v.it«-»r  .-Mil    nnilfr  (•••niKii'-n* 

ii:-  •.   ••;;1!.     t.,    .,     ■     v      :■     ■    ■■  ;  • ;  ...  ■''    i.-;-         r..-   ..-iK.iMly    ;i     !..\v    ;iltr:J  •  i- 'Ti     -atf   l^ 

■  -ji'--  :■  '1. .;■!.-.•.  I  ■•:.  •  : '  ■•  -.Inoi.;  >t:it' •!  in  prxi-^'is  r.  :i«M-t  <  <ix  Inch 
.•■.••■■•.■:    :!',.1    t-;i  ■".-    f     ■      ..:    .    •"        ."-ii:--:!    ■•.\..']l.l    .iijt..    -m-.-y    f-ill    b.I'.w    .'no    .in<l 

I.         '.1;,     I).- i..v.-     : •    •    •.■:■;■       .  ••-■    ]^i  r    li-.-.ii-.       !-.    ilii<    <•.'.»•.,  .m  i<»M    it     w.uiM   l>e 

..;■     J..."-!;.:    l-'ir- •■    I..    ■'•.■■     •• '.   ;  .,  ■    ilii^    is    a    <lr\    '-r    a    \\:i-!v<l    snnipl<\      T.^   bo 

•  n"  .  ••.It  :'.■■■.  I  :■■;  ■  ■•:•;■  ■;  .i  ;..  '.  ill--  f.,>r-.i.-r.  "  It  is  iv  ..xi.li.Tnl  (i:ray  inst.'iid 
..r  l.ifri:  l)'it  t!::-  i-  \-  -■:  ■\.'  -.?'.iiM  ■•xii.'-l  fr-t"!  ;t>^  i)»-;ti.>n.  w-.-ll  b..:,>\\-  th»* 
■.'.It.  I-  i.'iMf.  It  ;-  '.•<■■ -li  •■'!  :  ai;-l  it-:  iil' 'Mi  i<.!i  rat.-  ir.u^t  !"•  v.-ry  low.  or 
|.:.i'ti<   illv    v.To.      ,\  -    ;i    !     ii  ■'■!:  ;.>:'.    f'-\'    th-'    pr.. ;..)■..•,!    il:i:n    it    may    bv'    ac-'rpli'd    with 

■  ■  I  if.'    -■'  •■!l:il'T.("\ 

V-.'Vv  tr'ilv   vonrs. 

iSlirn.d)  W.    O.    rp.(>SBY. 
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Pboposed  Dam. 

After  deep  borings  Iiad  shown  no  ledge  in  the  river  bed  within  economic 
"each,  and  that  beneath  the  present  river  channel  is  a  preglacial  gorge  perhaps 
L50  to  200  feet  deep  filled  with  fine  sand,  the  preliminary  estimates  indicated 
the  best  and  most  economical  solution  to  be  a  great  earth  dam  of  almost 
unprecedented  thickness  combined  with  a  new  spillway  channel  constructed 
OTer  the  ledge  at  one  side. 

Four  sites  designated  as  A,  B,  C,  and  D  on  plate  No.  11  were  studied  and 
the  preliminary  survey  and  the  comparative  estimates  indicate  that  D  is  the 
best  The  type  and  general  dimensions  proposed  are  shown  in  plate  No.  12. 
-  It  would  doubtless  be  entirely  safe  to  make  the  dam  much  thinner  and  with 
much  less  height  above  the  fiow  line  than  I  have  shown  in  this  preliminary 
plan  but  liberal  dimensions  are  adopted  for  purpose  of  estimate  until  later 
borings  shall  show  character  of  ground  more  completely,  and  because  the 
hydraulic  fill  type  is  novel  in  this  part  of  the  country.  The  excavation  and 
placing  of  material  by  the  hydraulic  sluicing  process  is  so  very  cheap  per 
subic  yard  that  one  can  afford  to  be  generous  in  the  quantity  used. 

A  concrete  core  wall  is  added  in  deference  to  the  popular  belief  that  this 
Would  be  one  more  precaution  for  safety,  and  below  this  core,  triple  lay  sheet 
piling  would  be  sunk  perhaps  forty  feet  deep  in  a  line  entirely  crossing 
the  gorge. 

The  excessive  thickness  of  about  230  feet  at  flow  line,  the  thickness  of  about 
1,000  feet  on  present  river  bed,  and  the  super-elevation  of  twenty-five  feet 
above  the  spillway  are  all  excessive  and  preclude  that  the  dam  should  be  cut 
through  malice,  or  overtopped  by  a  cloud-burst  or  that  percolation  beneath 
it  can  cause  trouble. 

The  spillway  crest  is  given  the  ample  length  of  over  800  feet,  or  more  than 
1ui8  been  given  to  dams  on  the  main  river,  at  some  of  wliich  the  drainage  area 
it  four  times  as  great  as  here,  and  this  notwithstanding  the  great  effect  of  a 
lake  of  forty-two  square  miles  area  in  holding  back  a  flood. 

The  discharge  c^hannel  over  the  ledge  has  purposely  been  given  a  very  high 
and  increasing  declivity  and  a  straighf  course  with  smooth  wall.«^,  in  order 
that  by  no  chance  can  it  'become  gorged.  Tlio  large  quantity  of  ledge  that 
^11  be  excavated  in  forming  this  spillway,  together  with  broken  rock  from 
^be  tunnel  can  be  used  to  form  a  very  ample  but  cheap  riprap  for  the  dam. 

In  brief,  it  has  been  planned  to  provide  most  ample  factors  of  safety  in  all 
features  of  the  design.   • 

To  care  for  freshets  during  the  piTiod  of  dam  building,  it  is  proposed  to 
^[in  this  work  by  driving  a  tunnel  about  twonty-five  feet  in  diameter  through 
the  spur  of  ledge  and  at  as  low  an  olovalion  as  practicable,  through  which 
all  summer  ordinary  floods  could  pass;  and  to  provide  agiinst  the  washing 
out  of  the  partially  compl<>ted  earthwork  in  even  a  most  severe  flood,  by 
confining  the  work  in  the  river  l>ed  Iwtwoon  two  temporary  coffer  dams  some- 
rhat  more  than  1,000  feet  apart  built  of  cribs  of  rougli  logs  filled  with  stone, 
>Ianked  on  their  upstream  faces,  each  line  of  this  plunking  being  con- 
lected  to  a  line  of  deep  sheet  piling  sunk  by  water  jet.  ^"'.ese  coffer  dams 
rould  be  finally  filled  over  and  left  within  the  finished  structure,  which  would 
>  given  Tery  flat  slopes,  about  three  feet  of  lean  concrete  would  be  used  vdl 
ipping  out  the  itepe  of  the  high  downstream  coffer,  and  lot  tVve  ^o^9nv-%\.T«».\si 
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{acing  of  the  crib.  The  type  of  structure  proposed  has  been  many  years  ii 
successful  use  on  the  Susquehanna  and  other  rivers,  but  this  one  being  of  & 
temporary  character  could  be  more  roughly  built. 

The  upstream  coffer  would  be  about  sixteen  feet  high  and  the  down-streaa 
about  forty  feet  high  —  and  in  case  of  flood  the  space  between  would  bs 
expected  to  fill  while  the  flood  would  pass  off  over  the  stepped  overfall  d 
the  down-stream  coffer  dam  —  with  no  chance  of  cutting  out  any  large  portion 
of  the  earth  already  deposited  upstream  from  it.  It  is  believed  the  con- 
tingencies of  log  jams  and  of  floating  snags  clogging  the  tunnel  can  be  amply 
safeguarded. 

The  intake  tower  of  reinforced  concrete  shown  in  outline  in  plate  13,  would 
be  built  within  a  coffer  dam  in  time  of  low  water  after  the  completion  of  tbe 
main  structures  while  temporarily  storing  the  river  flow  and  would  have  its 
lowest  gates  so  set  that  wlien  carrying  the  normal  rate  of  discharge  the 
reservoir  could  not  be  drawn  below  about  elevation  740. 

Within  the  past  year  and  a  half  I  have  had  opportunity  to  study  the 
process  of  earth  dam  building  by  hydraulic  sluicing  in  California,  Colorad* 
and  Mexico,  the  dams  in  the  two  localities  last  named  being  far  larger 
structures  and  for  much  greater  depth  of  water  than  proposed  here  and, 
subject  to  further-explorattonHtjy  -teal;  pits  and  borings,  I  believe  the  method 
can  be  used  here  tO  gr^at  "rfdvantage,  and  will  give  by  far  the  cheapest  and 
safest  type  of  dam;-       •'    -''.;T'   \f 

The  accompiinying  drawings,  plates  11  to  16  illustrate  the  general  type  and 
dimensions  ofj  the  .^r^ictvre.i;  pji^oposAi  and  upon  which  the  preliminary  esd- 
m^tes  of  cost  ar^  based;     -  '| 

It  is  assiiiiiod  tliat  flie  "power  liouse  would  not  be  built  until  sonic  yfirJ 
after  tlio  rosi'rvoir  had  boon  put  in  use  for  storage,  and  that  the  tunnel 
already  doscril)od  would  serve  for  the  discharge  sluices  and  that  it  would  be 
provided  witli  gates  and  bulkhead  at  its  lower  end,  from  whicli  it  could  be 
extended  to   the  power-lmu-^c. 

Gales  to  be  provided  near  its  temporary  end  immediately  below  tlie  dam. 
could  be  Used  to  discharp^e  any  desired  amount  from  the  reservoir  direct> 
into  river,  without  passing  it  through  the  power-house. 

Tlie  proposed  power  tunnel  probably  involves  some  speciiil  ditTiculty  \i 
parsing  through  wet  earth  at  one  or  two  short  intervals  of  its  length  ani 
at  its  lower  end,  but  it  is  believed  this  sandy  ground  can  be  drained  of  the 
ordinary  ground  water  temporarily  while  the  work  is  in  progress  by  driven 
w<dls  of  large  size  —  closely  spaced,  so  tliat  only  the  ordinary  problem  of  a 
tunnel  in  damp  sand  will  be  presented.  It  is  planned  that  for  these  secii'-nf 
in  e:irili  tlie  concn'te  lining  would  he  of  extra  thickness  and  heavily  reinforrvti 
hy  corrugated  steel  rods  to  withstand  the  water  pressure.  The  lining  of  the 
tunnel  where  in  rock  would  he  of  the  ordinary  type  of  concrete  tunnel  lining, 
without   reinforcement. 

The  power-house  can  he  given  an  abundantly  safe  foundation  of  concn^te 
having  deop  lines  of  sheet  piling  under  its  edges,  although  the  bed  rock  be 
a  hundred   feet  below. 

In  view  of  the  long  tunnel  line.  si)ecial  attention  has  been  given  to  avoid- 
ing  troublesome  pressure  waves  while  changing  the  output  of  power  frcya 
time  to  time  and  the  power  house  has  been  so  located  that  an  ample  basii 
of  about  200  feet  diameter  can  l)e  placed  on  the  hill  near  it  at  the  reserv<HX 
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level,  Indeed  the  position  and  elevation  of  this  hill  fin  ally  controlled  the  ieleo- 
tlott  of  the  power  liouse  Bite.  The  connecting  surge  pipes  have  l>een  com- 
puted of  slxie  suitable  to  check  oscillation  &nd  to  give  quick  eS^cieut  governiDig 
of  the  turbines,  without  waste  of  water,  and  the  length  of  the  feeder  penstocks 
haa  been  carefully  kept  within  the  limits  permitting  quick  governing  without 
^flSculty  froni  moirLentum  pressureft* 


^  ESTIMATES  OF  COST  AND  PROFIT. 

Uamcu  1,  190B. 

At  the  time  i>f  a^lectSn^  I  he  S^uamdaga  project  aad  the  Portage  project  asr  befng^  the  two 
lO^PporiimUJ^J^  toT  water  power  development  under  State  control  thiit  promised  the  be^t 
nKum.  la  a  broad  mtisG.  of  any  of  the  poitiiibiUttes  found  In  a  study  of  tbe  maps  and  of 
previous  reports,  rough  estimates  were  made  which  indicated  a  fair  margin  of  profit  to  the 
State  in  both  of  tiieife  projects. 

Thftt  these  investments  would  be  profitable  also  Jippe&red  reasonable  in  the  case  of  Xh& 
Bftcandaga  from  the  eaniestncs!^  with  wiiJcti  the  Hudson  Etvcr  PoWBr  Company  had  sought 
-oe^ntrol  by  the  bonding  of  lands  la  the  re^jervolr  bed  and  through  asking  the  approval  of 
the  Public  Service  Commission  foe  a  bond  issue  of  some  miiiionji  of  dollars  for  financing 
tlie  constnictloti  of  a  mnatier  Sacundaga  re^sefVoir  and  Its  proposed  temporary  dam, 

tn  the  portage  development,  |he  reasonabienesa  of  a  profit  seemed  assured  from  th^ 
estimfLtej  of  cost  by  Mr.  II after,  puhil^l^Lcd  viith  the  State  Engineer's  repori  for  18t)5,  and 
fxtita  the  earnestness  with  which  It  had  been  sought  to  revive  the  charter  of  the  corpora* 
lion  formed  some  years  ago  for  water  power  deveioptnent  at  Portage, 

1  have  myself  hesitated  to  present  estimates  concerning  tlie  cost  and  probable  profit,  In 
fbis  progress  re  port  t  or  until  borings  and  test  pits  should  further  confirm  the  entire  feasi- 
bility of  the  designs  submitted,  and  utitli  studies  of  flood  control  at  Itoche^tor,  and  In  the 
broad  valley  above  Rochester,  should  show  what  part  of  the  burden  could  fairly  be  piace^d 
on  those  Inlcrests.  and  until  studies  of  flood  relief  at  Troy  and  Albany  andfstudies  of  the 
tniprovement  In  navigation  which  would  result  from  an  increase  of  4^000  or  5.000  cubic 
feet  per  second  in  the  summer  flow  at  Mechanic vilie  should  give  soras  measure  of Jttj^  prob- 
At>te  value  of  these  benefits^  and  until  the  collection  of  data  showing  the  benefitilof  freshen- 
ing the  polluted  river  above  Pougbkeepste  by  a  much  larger  summer  flow. 

On  further  consJdermtion,  it  appeared  plaJn  that  the  questions  of  cost  and  profit  are  so 
vital  to  the  attracttvei^e^w  of  these  proj^ts  or  to  their  fe&isibliity  In  a  eommerdai  ^ensa^ 
that  I  have  had  the  following  estimates  prepared. 

They  &ne  Intended  to  be  made  on  a  liberal  basis  as  i^gards  quantities,  unit  prfces  and 
contingencies,  but  U  is  to  be  dearly  understood  that  they  are  made  prior  to  the  completion 
of  the  final  studies  and  are  subject  to  revision, 

I  will  confess  to  some  disappointment  that  the  totals  are  so  large,  and  thai  the  O0»t  t>t ' 
liorae  power,  if  all  the  burden  Is  thrown  on  to  the  water  power,  is  so  much  kirger  than  me , 
feputed  cost  of  development  at  Niagara  and  sundry  other  power  sites. 

It  is,  however,  natural  that  the  site^  presenting  the  greatest  natural  advantages  in  llrsl 
ccjst  ihouid  have  been  already  developed,  and  that  the  developments  of  the  future,  as  the 
peiDaining  opportunities  are  succes^vely  availed  of,  will  increase  until  the  margtn  between 
the  cost  of  water  jmwer  and  the  coHt  of  steam  power  is  much  smaller  than  at  present- 
It  Is  commonly  good  practice,,  in  a  general  esthnate  like  this,  to  present  only  the  re^uila. 
In  round  nunibers;  but  In  the  fnllowing.  I  have  thought  ii  weii  to  present  the  figures  in  «ome 
delaiK  In  order  that  it  may  bn  plain  that  details  have  been  aonsldered  tn  reaching  ttieoe 
fiffures^and  in  order  that  In  these  days  of  rapidly  changing  costs,  it  maybe  more  easy  some 
^eara  hence  for  others  skilled  In  tbe  art  to  critically  exa^nine  or  revise  these  estimates. 
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sacandaga  project. 

Cost  of  Reservoib  Site. 

The  elevation  of  spillway  is  now  proposed  at  770  feet  above  sea  level.  Possibly  oppoi* 
tlon  may  lead  to  some  sacrifice  of  efficiency,  and  it  may  become  expedient  to  fix  the  tpil- 
way  at  elevation  765. 

Little,  if  any,  farming  lands,  woodland  or  pasture  land  lying  3  feet  or  more  above  tht 
spillway  crest  would  be  appreciably  injured  by  the  back  water  from  the  reservoir,  for  it 
would  be  rare  indeed  that  other  than  a  winter  freshet  could  rise  3  feet  above  the  spiUwiy 
'*evel,  for  at  this  height  above  20.000  cubic  feet  per  second  could  be  discharged  (nearly 
16,000  c.  f.  s.  over  spillway  and  about  4,000  c.  f.  s.  thru  sluices)  equivalent  to  20  c  f.  i. 
•per  square  mile,  or  to  0.71  inch  in  depth  of  run-off  over  entire  watershed,  in  addition  to 
•which  the  rise  of  3.0  feet  in  the  lake  level  above  the  spillway  crest  would  hold  back  nearly 
An  inch  in  depth  of  run-off. 

Perhaps  once  in  each  quarter  century,  or  in  each  half  century,  a  rise  for  a  few  hourt  to 
Z.O  feet  above  the  spillway  level  would  be  had.  but  in  the  absence  of  hourly  gage  hei^ 
during  a  flood,  for  showing  the  form  in  which  the  Sacandaga  flood-wave  reaches  Gonkllnf- 
viUe,  no  attempt  has  yet  been  made  to  compute  the  exact  limit  of  height.  The  5  foot 
depth  over  spillway,  aided  by  open  sluice  gates,  would  pass  about  36,000  cubic  feet  per 
jecond  or  36  cubic  feet  per  second  per  square  mile,  which  is  a  large  flow  for  a  forest  covered 
-area  of  1,050  square  miles  ha\ing  lakes  and  swamp  lands  on  its  head  waters.  The  land 
'damages  should  therefore  fairly  be  estimated  to  include  lands  lying  below  contour  Tli, 
-In  order  to  give  ample  margin  of  safety  the  dam  and  spillways  are  planned  sufficient  fort 
wmuch  greater  flood  than  this. 

To  make  sure  of  our  surveys  being  sufficiently  Inclusive,  the  lands  were  surveyed  ud 
'contours  run  up  to  elevation  780,  and  the  following  estimate  Is  figured  out  to  that  limit 
altho  plainly  excessive  in  area. 

The  total  area  up  to  elevation  780  is  29.430  acres  =»  46.0  square  miles. 

The  total  area  up  to  elevation  770  is  27,350  acres  =  42.7  square  mile.9. 

Between  770  and  780  2,080  acres         3.3  square  miles. 

Among  the  courtesies  extended  to  us  by  the  Hudson  River  Electric  Power  Company 
was  that  of  ptTinission  to  copy  their  land  maps  and  take  note  of  values  at  which  sundry 
parcels  had  been  bonded.  This  corporation  had  for  two  or  three  years  held  options  on  t 
con.siderable  part  of  the  land  up  to  or  above  the  770  contour,  but  mostly  below  the  750 
contour. 

Notwithstanding  that  much  of  this  portion  of  the  valley  is  in  a  decadent  condition  sin« 
the  abandonment  of  tanneries  and  factories,  and  that  the  property  owners  in  general  ap- 
peared desirous  Of  converting  their  lands  and  buildinijs  into  cash,  we  have  in  making  the 
following  valuation  added  ')0  per  cent,  to  the  general  scale  of  prices  agreed  on  in  the  options 
Just  mentioned,  to  allow  for  the  customary  legal  and  other  expenses  and  for  the  higher 
price  that  land  bought  or  taken  for  public  purposi's  appears  to  command.  For  the  land 
between  rh-valions  750  and  7S0.  we  have  allowed  a  still  mor«'  liberal  estimate. 

We  thus  hnd  as  total  probable  cost  of  reservoir  lanrls  to  the  State  about  $2,000,000, 
this  embracing  about  29,400  acres.  The  whole  thus  avrrag.'s,  including  buildings.  $6S  per 
acre,  but  niuch  of  the  land  is  swamp  or  brushland  or  sterile  paslun*. 

During  the  progress  of  the  surveys,  inquiries  were  made  of  many  residents  in  different 
neighborhoods,  with  a  view  to  determining  the  actual  values  of  tyi)ical  parcels,  as  between 
a  willing  seller  and  an  intending  buyer. 

The  repUes  tended  to  show  that  the  average  .celling  values  within  the  Sacandaga  valley 
were: 

Brush  and  pasture  land  about So  00  per  acre. 

Wood  land 20  00  per  acre. 

TiUable  land 30  00  per  acre. 

These  prices  would  include  the  ordinary  farm  buildings. 

An  attempt  was  aNo  made  to  learn  the  ratio  of  assessed  value  to  market  value  by  first 
obtaining  the  assessor's  valuations  and  then  viewing  the  projH'rty  and  making  outside 
measurement  and  inspection  of  the  buildings.  Aboi'»  '^"'^^^alf  the  property  had  been 
j:one  over  in  this  manner  before  the  work  was  stopped  orms  and  deep  snow. 


Stxtdies.  of  Watee  Power  Development. 


165 


In  general,  the  town  clerk  stated  the  ratio  of  assessed  value  to  fair  market  value  as  about 
two-thirds.  The  town  clerk  of  Day  gave  no  ratio.  Comparison  of  the  records  with  the 
gtatements  of  individuals  and  with  the  Judgment  of  the  engineer,  so  far  as  the  work  had 
pvogressed.  would  indicate  the  ratio  to  be  more  nearly  one-fifth  or  one-sixth  for  farm  prop- 
erty, one-third  for  village  lots  and  buildings. 

An  enumeration  and  classification  of  the  buildings  within  the  Sacandaga  reservoir  limits, 
based  on  our  maps  and  surveys,  gives  the  following  totals: 


Below 

elevation 

770. 

Between 

elevation 

770  and 

780. 

Total 

Dwellings 

447 

611 

1 

4 
4 
9 
7 

127 
132 
3 
3 
1 
1 
0 

574 

Barns  and  outbuildings 

743 

CSiurches 

4 

7 

5 

ID 

MlRi^llaneouR 

7 

1.083 

267 

1.350 

The  average  value  of  these  buildings  appears  from  our  detail  lists  to  be  about  $750  each 

On  this  basis  the  value  of  all  the  buildings  would  be  1350  x  $750  =  $l.dl2,500. 

The  value  of  the  buildings  situated  between  contours"  770  and  780  is  thus;  267  x  $750  =» 
$180,250. 

The  location  of,  say,  two-thirds  of  all  the  buildings  is,  in  general,  near  the  shore  of  the 
proposed  reservoir  and  in  the  majority  of  cases  these  could  be  moved  back  to  new  sites 
above  the  flow  line  without  much  trouble  or  expense. 

This  being  the  case,  some  proportion  of  the  first  cost  of  these  buildings  should  be  recov- 
ered during  the  progress  of  the  work,  but  because  of  the  uncertainty  of  the  amount,  no 
allowance  for  salvage  on  these  buildings  has  been  made  in  the  total  estimate  of  cost  of  land 
and  buildings  to  be  acquired  by  the  State. 


Clkarino  and  Grubbing  Sacandaoa  Rkservoir. 

Ob.wrvations  relative  to  the  area  and  character  of  the  brush  and  timber  lands  within  the 
reaervoir  had  been  only  about  one-half  completed,  when  severe  winter  weather  covered  the 
ground  with  snow  and  compelled  the  abandonment  of  the  work.  It  is  not,  therefore,  pos- 
iible  to  do  much  more  than  make  a  guess  at  the  remainder.  From  a  study  of  our  maps  and  a 
ganeral  knowledge  of  the  country,  it  would  appear  that  an  assumption  of  9,400  acres  of  land 
requiring  clearing  and  grubbing  will  not  bo  too  liberal  for  purposes  of  a  preliminary  estimate 
A  considerable  proportion  of  this  is  scrubby  brush  and  sprout  land,  comprising  small  white 
t^rch  and  alder  growth,  which  if  cut  close  to  the  ground  will  make  grubbing  unnecessary. 
The  brush  should  be  cut  close  and  burned,  from  land  of  that  character,  for  about  $15  per 
acre. 

In  the  Vly  district  there  are  several  thousands  of  acres  of  woodland,  covering  low  lands 
which  are  swampy  and  difficult  of  access,  except  when  frozen  over  in  winter  or  during 
extremelyldry  seasons.  The  trees  in  these  woods  are  fairly  large  and  lumbering  operations 
will  be  difficult.  Such  land  as  this  would  cost  from  $80  to  $100  for  complete  grubbing  and 
clearing,  but  the  lumber  would  have  some  value,  and  only  a  portion  of  tliis  ground  needs 
to  be  so  thoroly  cleared.  Portions  of  the.se  woodlands  lie  between  elevations  725  and  730, 
or  so  low  that  if  the  reservoir  is  not  to  bo  drawn  below  the  740  level,  the  grubbing  of  stumps 
can  be  dispensed  with  wherever  the  depth  at  low  water  will  not  be  less  than  five  or  ten 
feet,  or  on  all  ground  at  elevation  730  and  less. 

Averaging  the*light  cutting  with  the  heavy  and  making  allowance  for  areas  where  the 
grubbing  can  beTomitfed.  $30  per  acre  seems  a  very  liberal  preliminary  price  for  this  item. 
This  Is  more  than  double  the  actual  cost  at  Indian  Lake  where  all  stumps  were  left  pro> 
fectlng  about  two  to  three  feet  and  the  hardwood  left  to  sink,  not  being  thoroly  bura<&<i« 


^ 
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Stats  Wateb.  Sopply  Cokmissiox. 

|tl¥«*ljr  ilttle  pine,  heaBlock  or  spruce  tLmbff  of  miLrketttbie  «U«  wtthtfl 
^  rnmAlrdnf  varimit^,  compri^ng  09k.  mnpk.  eliu,  etc.«  iociu  of  tbi 
OOd  lumber,  and  tlie  A^oodJ  could  yield  &  good  quntitily  Of  plks>  p«li# 
«.,  but  tt  i»  pit>&«ble  tliat  a  U.rjE«  part  of  the  timber  would  bi?  for  «<«■* 
^  (TOrrlwtKid^  and  that  au  uodue  proportion  of  the  top;?  and  l^rs^  brtnchei 
I  tlia  eroun4  as  b^^lne  tKci  chiiapfflt  method  of  di^po^I.  Aliho  the  tim' 
ttlUf  be  wortU  <!  higli  prU»  It  ii  Ekoly  ihot  with  good  buainea*  mujufs- 
i  CVturti  could  be  obtained  from  the  palpable  portlooj,  aod  on  vonw  tot* 
i  Ift^ie  portion  ol  the  cost  of  ckaring,  and  grubtilnE- 

iU>CATION  Oir  HlOHWATa  rOR  SACAimAaA  RlAKRVOtR. 

JL    '"^Xr^^BfHiffVllij  the  ntjmial  flow  line  ot  t^levatton  770  will  reqiilne  the  dt«cootLnoaiu»  of 

About  67.6  roflea  of  traveled  public  roads  and  probably  Icfad  to  the  ^^onstnictlon  of  wifj 

y  41,0  mile^  of  entire! j  Jiew  ro^ds  ^i^ ji-tin''  the  uhonea  of  the  reservfilr  at  a  ^nie.  clf'TihtiiNI 

a  hig^h water  mark:  aiso  tlie  raisik.b  v.  *.l»?  Drondnibln->Mayhcld  road  for  a  length  of 

^.»  tiitie  for  croflsjng  three  amiM  of  lUt  t^^tvoIt, 

There  wjU  be,  thcr^.forT&,  a  total  of  41.9  milea  of  liijihway  to  re-eon^trxiiM. 

!The  roadi  replaced  hy  thU  new  const  rucilon  are  quit?  e^tie rally  of  the  ordlaiLry  tfpt  9f 
coyntry  road  on  whjdi  very  little  work  has  been  donen  beyojid  rrowniog  up  the  c^aier  Of  ill* 
road  with  eod^  and  earth  Hcrapf?d  from  the  ^jttitrvi  at  t\it*  iddas*  tn  a  few  itutMiceii,  «>tu 
effort  has  been  made  10  Improve  short  strtiofts  of  the  toost  Important  roftda  by  tuff^i  ir: 
with  ^rarel  or  other  easily  obtaiiLahle  ^Ideted  materials,  but  Ihts  Uitt«ir  hMS  li««il  d&nr  n:. 
to  a  very  hmiti^d  extent. 

l*hrre  are  no  i^ectlona  of  State  mad,  nor  any  macadatn  roada  wlthlfi  thi»  llvnltfi  ^^r  i  t 
rwerroir, 

Under  these  conditions,  if  the  State  bAs  to  do  fio  moro  than  itsplaoe  the  hlgl*Wii\  - 
tmyinl  by  others  only  erjuiLlly  as  ^od.  Lt  la  probable  tliat  the  oost  of  gradlnf.  brldEing  an4 
lancing  for  the  new  rqail^  would  not  exceed  $3^000  ptr  mile. 

It  in  Ukely,  however,  that  the  State  would  he  railed  npoo  to  adopt  a  morf;  liltfral  pollG^ 
mud  that  wherever  new  Slate  roads  are  built,  arominl  tlu'-n  rt'hti?rvoir^.  they  will  fippmacit  10 
a*r  ^aer  or  less  deepen  according  to  the  Importance  of  the  road,  the  hi^h  iitandard^  of  cOiH 
■tructton  in  vogue  In  the  State  Midway  Department, 

Thia  policy  of  bulldinjc  excellent  mads  would  do  much  toward  settling  the  margins  of  th» 
*oke  with  summer  cottagen  and  giving  to  the  valley  much  mor%  of  taxable  value  and  ptm^ 
perity  than  It  enjoys  today. 

If  thlt  Is  don&t  then  new  road^.  with  roadways  elght<>^n  to  tweoiy-two  fe^t  wide,  iurfioad 
with  gravel  or  broken  stone  ten  to  fourteen  fw+t  wide  aecorrllng  to  traffic  requlneraenia  aitd 
having  masonry  cuivertit  and  ]iub>itantla]  bridge,  guard  feticei,  etc.  cannot  be  built  llirtt 
tbia  section  for  very  much  k^'is  average  cost  than  16.000  per  mile,  and  this  figure  Is  adapts 
for  the  purpose,  of  thij?  estimate. 

413  mi]e9  new  hi  ^1  ways  west  of  center  lIiK  Of  Oonklin^Ua  dam  at  16.000  per 
mile. _ ....  J _  .  _ 12Gl,40ft 

Capitallted  value  of  operation  of  scow  and  motor  for  ferry  acmiss  ri^ervolr  at 

Nonbamptoop  operated  about  dghl  monthn  In  th«  y^af. ,,...,.._ 20,000 

Ealalng  and  rcinodeling  brtdge  acrwti  Sacandaga  river  at  North vill^ ,         4,000 

Total ,  ,  i . , . . .  * -  * "  * §275, tfO 

EftL0CJl.TION  OP  FOHtiJkt  iOJfUtfTdWU  A  OuOVtlB^VJU^  H.  R. 

About  dx  miles  of  the  present  location  i>elwetm  Maydeid  and  Cranberry  Creek  statiooi 
Will  probably  be  affected  by  high  wut^r  cttiulitloiiN  in  tl^e  tmw  reservoir  to  an  extent  10 
require  relocation.  ^ 

But  to  obtain  a  favorabte  new  location*  ll  will  be  Xitceamty  to  abandon  ai  much  a«  TSi 
mit«fl  of  Ibe  existing  line,  beflnnlnf  about  600  fiviti  nortlt  of  llroadalhln  Junction  and  rua* 
tilng  to  aboul  i.OOO  feet  north  of  Granbf^rry  Crr^tUc  diM^^ts 

The  proposed  rvlocaiion  as  Indi^^ti^l  on  topography  iiiivefii  30,  31,  32.  36  and  37,  wlU  h« 
030  fe«t  ihorter  than  the  ptcacnt  location,  Thc*rrfi>riv  it  will  require  only  7.74  mllea  of 
new  construction  to  rrptnce  tht),7.i>l  miles  to  be 
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^  This  means  that  the  new  line  will  be  more  direct  than  the  present  line.  Also  since  the 
maximum  gradient  need  not  exceed  1  per  cent,  or  52.8  feet  to  the  mile  in  either  direction, 
and  since  4  degree  curves  are  the  sharpest  it  Is  proposed  to  use,  the  new  line  will  compare 
rery  favorably  with  the  present  line  in  respect  to  the  rate  of  ruling  grade,  curvature  and 
distance.  In  the  matter  of  rise  and  fall,  however,  the  proposed  location  appears  to  be 
somewhat  at  a  little  disadvantage,  but  on  the  whole  we  believe  that  the  new  line  when 
rebuilt  according  to  the  proposed  specifications,  can  be  easily  shown  to  be  more  desirable 
than  the  line  in  its  present  location.  The  proposed  location  of  depot  and  station  grounds 
for  Mayfield  will  probably  be  regarded  as  more  convenient  than  the  present  conditions  and 
will  give  that  village  improved  traffic  facilities. 

A  strip  of  territory  wide  enough  to  include  the  best  location  for  the  new  line  was  care- 
fully surveyed  and  mapped  to  a  scale  of  100  feet  to  1  inch.  On  these  maps,  a  paper  location 
was  projected,  and  preliminary  estimates  of  cost  were  made  in  detail  for  the  different  classes 
of  construction  entering  into  the  work. 

A  summary  of  this  estimate  is  presented  below. 

This  estimate  provides  for  a  well  constructed  road,  in  nearly  all  respects  superior  to  the 
one  now  in  use. 

The  estimate  is  based  on  the  following  assumptions: 

Width  of  roadbed  16  feet  on  embankments, 
18  feet  in  rock  cuts, 
20  feet  in  earth  cuts.  v 

All  culverts  and  bridge  abutments  to  be  of  concrete  masonry. 

Bridges  at  highway  crossings  and  streams  to  be  steel  spans. 

New  steel  rails,  70  lb.  per  yard. 

Gravel  ballast  on  roadbed.  (The  present  line  generally  speaking  is  ballasted  only  with 
earth.) 

The  estimate  also  provides  for  right  of  way  100  feet  wide  with  a  liberal  allowance  of 
extra  width  at  Cranberry  Creek  and  Mayfield  stations:  for  ample  station  buildings,  sidings, 
«tc..  for  fencing  both  sides  of  track  for  entire  lengrth  and  for  reconstruction  of  telegraph 
Une. 

Note. — The  total  curvature  in  new  line  =  129  degrees. 
The  total  rise  and  fall  =  190  feet. 

Relocation  F.,  J.  A  G.  R.  R.  for  Sacandaga  Reservoir. 

Summary  of  Detail  Estimates  of  Cost. 

Miles. 

Length  of  new  mtiin  line 7 .  74 

Length  of  new  side  tracks .76 

Total 8^ 

05,000  cubic  yards  earth  excavation,  at  40  cents $38,000 

133,000  cubic  yards  borrowed  embankment,  at  35  cents 46,550 

44,000  cubic  yards  rock  excavation,  at  $1.25 ^ 55,000 

12  culverts 10,000 

6  railroad  bridges 38, 500 

2  highway  bridges 7, 200 

station  buildings  at  Mayfield 5,000 

station  buildings  at  Cranberry  Creek 2, 500 

right  of  way  100  feet  wide  and  station  grounds  at  Mayfield  and  Cran- 
berry Creek 14,005 

8.5  miles  main  track  and  sidings  at  $6.750 57,370 

turnouts,  frogs,  guardrails,  etc' 1 ,  000 

17  miles  riglit  of  way  fence,  at  $112 1 .900 

8 J  miles  telegraph  line,  reconstructed 1 ,000 

$278,025 
Engineering  and  contingencies,  15  per  cent 41 ,  700 

$319,725 
or  about  f 40.000  pfir  mile.  say     $320,000 


State  'Water  Supply  Commissioj^. 

QC^tHltAL  ScrMMAKT  OP  C09T — EotTCM  PrO.IMTNABT  EtTIMATB. 

29,4^0  aenes  of  ian^l  for  re&£?r7olr  and  m^rg!ti«»  to  How  Mne  el^T^Ucm  TSO-  *  .  *  tS^t^tV^noO 

9,400  scrps  of  cledJfiti  (t  aad  gtubbitig  at  S30 ..,...-,,, * .  - . .  ^2 ,  tw* 

Relocation  of  Fonda,  JohriifUJwri  snil  GlovensviUir  Railrondi  8,S  miles  completeL  asn+QiW 
Helocatlon  of  blghwajH,  4I,Q^  mllea  of  aew  roftdways  as  fpod  HiS  present  rD&ds 

(t2*000  [K^T  mik) - . . , 34. OO* 

A  JdJtlonai  ailowjinc^  of  $4,000  per  mile  c^f  ro^d  to  mw!  prolMibte  d^Jniifids  of 
thi^  public  for  a  hij^ier  standtird  of  cfm^ttnictton  and  which  might  bechArgi&d 

10  the  State  hlreViway  appTOprlatloti  or  to  locivl  bettpnnpiits , . . * .  16S-EM>* 

GapitftUxed  cost  of  Northampton  ferry  and  remodelitiK  bridgt?  at  Xortlnrllk- . ,  54, WW 

EebiilJdInF  telephone  lines * .  .  * 7.WW 

OonJUItiervlUe  dam,  8]>ll]waiy,  r«^atlng  entes  and  ontleti  ......>.*-., l,D$i,OM 

f3,S^4d,(^ 
Add  Tor  admlnJstnitlon,  sup«iiJitendf*nc6^  eaglu^rlng.  legwl  expenses  and  con- 

Utieenciea  1 S  per  cent . .  *  * * 59 1  >105 

TotAl  ri}9t  of  reserirrjlr  EUid  dam  for  normal  flow  Hue  ckvat1i>n  770,  n^  com  pie  t« 
and  adapted  to  be  us?d  for  etoragie  purposes  only  for  benet\t  of  Hudison  lirer 

below  Hadley ', il»537*tP 

or,  isay.  In  round  nnmben *......... .., .. . .  4«  ^SO.OOO 


DETAILS  OF  ESTIMATES  FOR  8ACAHDAGA  RESERVOIR, 
Pji«LiHTJfAJiT  EefnuATK  OF  Cost  or  Dau  at  OoNKL.iKo^^nJ.E,  N.  Y. 

At  Bite  **  D/*  Indicated  on  map. 

Main  portion  of  datn  to  be  biillt  of  ^arth  «tu[aed  Inio  place. 

A  he*vy  concrete  core  wall  startlrig  from  eidlable  fouodation  a  few  feel  below  th*^  T--^  t' 
the  river  and  reaching  to  5  f«cr  above  tb^  normal  flow  linen  or  to  elevallon  775,  exitn  :    / 
full  length  of  the  d em.     B^Iow  the  core  wall  a  line  of  «beet  piling  driven  welt  down  Ui'i-^  i'^'- 
bed  of  very  finti  sand  whldi  hl!s  thi^  ancit^nl  chann*?!  of  the  river,  has  been  provided  as  i 
cut-ofT  to  roduce  seepasre  to  a  minimum, 

Tlie  water  side  of  the  dam  to  be  protected  by  a  very  tliick  l^yer  of  loose  rip-rap  compoied 
of  cobbles  and  bouldenj  from  the  earth  borrow  pits  for  the  dam  and  froiu  the  rock  ex<^vatlOB 
for  the  over-flow  chaiineJ.  The  lower  toe  of  the  dam  wiU  be  amply  protected  from  damafr 
from  the  back- wash  of  the  flood  waiej-»  passing  through  the  over-fiow  diannel  by  bidldlnf 
thia  part  of  the  dam  wholly  of  loose  rock  to  come  from  the  waste  way  ancl  tunnel  e3Cc&^*atldiii 
The  Ti-a^te  way  ha^  been  de^iffnefl  to  be  wUoUy  in  ledge  for  the  portion  around  the  end  of  ibf 
dam,  where  any  fear  of  erosion  need  b£  felt.  The  top  of  the  earth  dam  has  been  assumed  U 
be  iio  feet  wide  and  Is  considered  as  canied  up  to  elevation  71^5  or  2a  feet  hig^her  than  tEie 
crest  of  the  spillway. 

E&nViATKTt   QlTAKTlTICSl   IN    MaTN    PoBTtOK    OF    DaK. 

1.  Earth  embankment,  877,000  cubic  yards  at  »t>.25 . 1219*250 

(25  cents  to  cover  cost  of  excoivutlon  and  placing  the  stutc^  earth  and 
the  co.»t  of  placing  rock  and  earth  excavation  from  th^  tunnel,  waat« 
channel,  f  tc. ) 

!L  Eicavatlon  of  earth  and  boulders  from  bed  Of  river  for  prepoTftUon  of 

foundations,  22,000  cubtc  yards  at  f  LOO   ..  *  h  .,,.  h  .,►►...... , ,  22,000 

(This  includes  core  wall  trench  and  cost  of  pumping.) 

3,  Triplcs-lap  sheet  pUlnj;  for  cut-ofT,  a*x50^  lonj:. 

700  hueal  feet  =-  350  M.  B.  M.  at  f  &0 . ....,,... _  .  21 .006 

4,  Concrete  c?ore  wall,  1 1,500  cubic  yards  at  17.00* * . . ,  ♦ 8D,5O0 

5,  Rip-rap,  27,500  cubic  yards  at  S0,50  for  pladnf.  ,......,....,...*.,..,  13JS0 

e.  Drainage  system,  4,000  Uneal  feet  vitrified  pljM;  drains,  S*  to  19'  dlam.lald, 

catch  ba^nSi  etc ...  t  ..,..,  ^ ,,.«..-«,......,.  ^ ,,,,.,,,« , ^  4 ,00^ 

Tofttl  for  malfidAm. ,**,^ **..*.*, .,,. ....       1300, 500 
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JBjrittway: 

7.  Euth  excavation  from  spillway  channel  and  entrance  channel  to 

same,  135,000  cubic  yards  at  10.35 S47,250 

.%    cPladng  of  this  is  provided  for  by  the  25  cents  per  cubic  yard, 
item  1.) 

8.  Rock  excavation  from  spillway  channel,  134,600  cubic  yards  at 

$1.00 134,600 

0.  Concrete  lining  for  floor  and  rock  ddes.  16, 100  cubic  yards  at  S5.00    80 ,  500 

10.  Steel  reinforcing  rods  in  floor  and  sides..  • 

1'  square  rods,  12"  spacing  east  and  west. 

1"  square  rods,  24"  spacing  north  and  south. 

450.Q00  Uneal  feet,  700  tons  at  $60 42,000 

11.  Cyclopean  masonry  in  roUway,  5,500  cubic  yards  at  $4.50 24,750 

12.lRubble  and  concrete  masonry  in  retaining  walls  of  wasteway, 

18.400  cubic  yards  at  $4.50 82,800 

13.  Paving  and  protection  work  at  junction  \s1th  river.  500  cubic 

yards  in  mortar,  $3.00,  $1,500;  placing  rip-rap,  etc.,  say,  2,500      4,000 

Total  for  spillway 415,900 

Intake  Works: 

14.  800  lineal  feet,  cut  and  cover  aqueduct,  25'  diameter  at  $75.50 

per  foot $60,400 

15.  500  Uneal  feet  rock  tunnel,  25'  diameter.  $160.80  per  foot 84,900 

16.  Gate  house,  outlet  pipes,  valve.",  etc.,  adapted  to  use  of  reservoir 

foi  storage  purposes  only,  say 25 .000 

(Add  another  $30,000  for  extra  cost  of  gate  house,   gates, 
screens,  etc.,  suitable  for  power  project.) 

17.  Sluice  gates,  weir,  etc.,  at  outlet  of  discharge  tunnel 20,000 

Total  for  intake  works. 190,300 

Grand  total $966,700 

Relocation  of  Highvoaya  at  Dam: 

Additional  rock  excavation  for  road  north  of  spillway,  23,000  cubic 

yards  at  $1.00 $23,000 

2,500  lineal  feet  of  road  on  south  side,  22'  wide,  14'  macadam  at 

$8,000  per  mile 3,800 

1,800  Uneal  feet  of  road  on  north  side  22'  wide,  14'  macadam  at  $4,000 

per  mile 1,400 

1  140'  concrete  span  and  north  abutment  for  same 6,000 

34,200 

Coffer  dams,  temporary  spillway  of  timber  cribs,  rock  filled,  care  of  water,  etc . .  48 ,000 

Dressing  slopes,  loaming,  seeding,  etc 12,000 

Total  estimated  cost  without  any  allowance  for  superintendence,  engineer- 
ing, contingencies,  etc $1 ,060.900 


I 


^ 


SACANDAGA  POWER  PLANT 

Wmxrm  rn^  Dievelopment  in  New  Power- Horaii  Oxb  axd  OjfE'Poui:!^ 
DM  1Iap£j;t»  of  Aaotrr  75,000  HQifS£'fi:tw£B  M^Aj^imcci  o??  thk  TuoBm 
UtiacLAa  Vim  Undka  4Q  rot  cearr.  Load  FAcron,  wrr^  OecJitfoacM 

II  of  six  equal  units  of  lO.OOO  kJlowstU  each  equaLs  Sa,f>0f0  kilowvlti. 
e,  one  spare. 

E  tjitake  worko  to  Adapt  attm«  to  pow^r  requlre- 

.  130. <KK* 

Mjn  L,  &rea  315  iquiire  f^t.     (Dlftmet^^r  of  eqitlvalerit 

^%-                       Avemift  cost  p<^r  lineal  foot ^  1107.  .,*.,*,.*** .  1,610,OCKJ 

[J            H  ^"-v    my  and  gate-house  near  power-houee ,.......«.  S$,  400 

t            r  tesei-volr  on  hill  close  lo  power-house .....4...*  5^*200 

■uffsia  j^i  IK  And  by-]janS. ..,« ^ ........_......,.  ^ ,..>.*..«,  14,  700 

Jjc  main  petistocka  and  exdiitr  penstock 82^  ADO 

a  for  tunneL  head-gatefi,  mtgt  nmrr^T,  «mergeriCF  ^t^  and  ponjiocks 
T  80*000  horn  power  intrludtnff  1^  per  oenL  for  admlnifltraiioii  and  goti^ 
*iillpndeft,  about |2,05djU£M 

or  about  f2£  per  hoF»e  power. 

Tmnsformer  hou«6*  excavation,  substructure,  tttirn^omier  founda- 
tioni,  etc. ....  * » 140,000 

Polv«T-houee«  iheet-pillng'i  foundattons,  dnLft  tube9,  atiperstruclnrp. 

crane  Hupports,  etc . 282 *000 

^fictdcal  and  hydraulic  machinery,  ilx  lO^OOO-kilowatt  g!c^ne^atora 
wUh  turbines,  governors,  exoll^ra,  iransformefs,  high  and  low 
tenitlon  apparaiita,  ^wJit^htr^,  copper,  etc.,  complete I^US^OOO 

Auxllfmry  machinery^  gate  hoist i«  oil  pumpi^^  water  pumps.  nJr  com- 
pressors, motors,  f^na,  blowera,  oil  Ultera,  cranes,  etc .**..,..,.         60,000 

Railroad  spurs  to  power  station ,,.... .,.,,.,.,..         ^ ,  OOO 

LuidB  for  tunnel^  power  station*  railroad  ^pur  and  roads-^35  aen^  4,  SOU 

f  — 

Total  for  pbwer-hotjse,  transformer-house,  and  all  electrical  machinery  In 
pow«r-housG  and  tranafortuer-tiouse  for  00,000  kilowatt  or  30,000  horse 
power,  about ,-.,,...!,,.♦,,.*,..,.,*,,...*,,»      tl , 464,004 

or  about^SlQ  per  horse  power. 


Tol&l  cost^of  head  gates,  tunnel  and  power-hou^, t3.  A20,30(^ 

Coit  per  horse  power  of  total  machinery,  about  144. 

i  DEEPENING  9AGANDA0A  RIVER  CHANNEL, 

FrO^  POWEft-HOUSE  TO   Eiui^oiT  Riv^n. 

yi  Borlngit'at  various  points  ahow  that  thJ3»  portion  of  the  river  runs  over  a  doep  bed  ol  fine 
«and  shingled  over  with  ho ui.de r<i  and  cobble  stones.  More  bodnf^M  and  teiii  pits  are  needed. 
Intermediate  between  thojae  laken,  and  oti  both  sldea  of  chafinel  before  any  close  esiimstft 
of  costlof  eiEcavatlng  power-house  site  and  river  clmnnel  can  be  made.  All  pre^nt  dita 
Indicate  that  the  oovt^ring  of  loose  bouidern,  which  apparently  l^  not  more  than  from  t#ft 
lo  four;,  feet  in  average  depth,  could  be  picked  off  by  a  traveUng  cable  way  or  rantUev«r, 
and  piled  on  the  ri^er  bed  at  the  side  as  shown  In  plates  14  and  10  and  thai  the  sand  beneatb 
could  ihi'n  be  readily  dredged  and  deposited  behind  the  continuous  pile  of  boulders. 

It  ii  a^isunied  that  the  channel  would  be  dredi^ed  of  regidur  trape^nfdal  section,  and  thit 
th^^  scour  of  the  cur  re  at  would  deepen  it  in  the  ceJiler  and  undercut  the  side  slopes,  makini 
them  more  flat,  and  that  more  or  lesa  of  the  boulders  and  cobbles  would  roU  down  and  icv 
tlmelform  a  tolcntbly  regular  rip-rap  for  protecUtng  the  birnkj*  of  the  channel  from  *n/ 
aerious  erosion  In  time  of  great  floodM.  Studies  of  flood  condillous  and  more  test  pits  anil 
mirrtys  ure^ee^ed  for  the  bttal  d^c^ 
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The  section  dredged  gives  a  waterway  15  feet  deep  and  90  feet  in  average  width  or  1,350 
square  feet,  which  when  not  obstructed  by  ice  would  carry  the  mean  quantity  of  1,900 
second  feet  with  a  velocity  of  1.4  feet  per  second,  or  would  carry  the  maximum  under  40 
per  cent,  load  factor  with  a  velocity  of  3.5  feet  per  second. 

The  proposed  slope  is  7  feet  fall  in  7.900  feet  distance  or  about  4.5  feet  drop  per  mile 
Therefore  the  depth  would  commonly  be  less  than  shown  on  plate  16. 

The  alignment  of  this  tailrace  channel  should  be  composed  of  straight  reaches,  as  long  as 
possible,  and  with  fewest  possible  curves  and  angles.  Curves  of  radius  longer  than  250  feet 
should  be  avoided.  If  on  trial  the  work  is  found  not  expensive,  the  bottom  width  might 
well  be  33  per  cent,  wider  than  shown,  or  on  the  other  hand  in  the  fir9t  stage  and  particularly 
If  only  one-half  the  full  capacity  of  power-house  be  installed  at  first,  only  one-half  the  full 
width  of  channel  need  be  built,  the  boulders  being  all  piled  on  the  north  bank. 

Although  there  is  at  present  much  uncertainty  as  to  the  precise  cost  at  which  this  channel 
could  be  deepened,  it  promises  being  well  worth  the  expense.  The  following  estimate  of 
cost  U  based  on  SI  per  cubic  yard,  for  picking  oft  the  boulders  from  a  strip  150  feet  in  width 
averaging  three  feet  in  depth,  and  piling  them  at  the  side  and  then  dredging  a  channel  75 
feet  wide  on  bottom  with  one  to  one  slopes  in  the  sand  as  shown,  with  sand  deposited  behind 
the  pile  of  boulders,  at  twenty  cents  per  cubic  yard.  The  scour  of  the  current  in  floods 
would  do  some  of  the  excavating. 

Dredging  8.200  lineal  feet  of  channel,  about $300,000 

Land  for  dumps 3,000 

$303,000 
Add  for  engineering  and  contingencies,  10  per  cent 30,300 

Total  estimated  cost  of  tailrace  work  to  utilize  full  fall  to  Hudson  river $333 .  300 

The  present  water  level  at  power-house  site  is 585 . 5  feet. 

Proposed  water  level  at  power-house  site 555. 5  feet. 

Gain  in  fall 30.0  feet. 

Gain  in  power  from  1,700  cubic  feet  per  second  at  75  per  cent,  efficiency  on  30  foot  fal 
n  24-hour  power  on  turbine  shaft,  4,338  net  horse  power;  in  power  under  40  per  cent,  load 
actor,  10,840  net  horse  power. 
Ckjsting  only  about  $31  per  net  horse  power. 

RECAPITULATION  SACANDAGA  PROJECT. 

Dam  and  reservoir  for  storage $4, 550 , 000 

Pressure  tunnel  and  power-house  and  all  electric  and  hydraulic 

appliances  complete $3. 520,300 

Deepening  river  for  tailrace 333,500 


$3,853,800 
Transmission  line  to  deliver  50,000  kilowatts  to  Albany  and 

other  cities  with  two  independent  sets  of  towers  and  wires ....  900 ,  000 


Total  cost  tunnel,  power  and  transmission 4, 753 .  SO 


Total  cost  of  complete  works  for  developing  gross  fall  of  222  feet  or  80,000  horse 

iwwer  at  peaks  on  Sacandaga  river  below  ConklingvlUe $9,304,000 


As  stated  on  page  147,  it  is  not  estimated  that  the  average  result  in  power  received  by 
oonaumers  under  40%  load  factor  would  exceed  60,500  net  horse  power  in  addition  to  the 
increase  of  power  from  the  water  thus  stored  at  the  present  plants  along  the  Hudson. 

Thus  in  round  numbers,  on  a  very  liberal  basis  and  including  interest  during  constr  uc 
I  of  the  two  stages  would  cost  approximately  $5,000,000. 


State  Watee  Supply  Oommissiob 
^. 

V  OtICH  Ej  iTE    OF  COST    OF  TBANSMISSIOK    LIKE    FROM    SACAKDAQAi 

POWEl.-..     JSE  TO  ALBANY  VIA  GLEN8  FALLS.  SARATOGA,  WATER POEi 
COHOES         D  TROY* 

The  folk  Jiigh  ^limsLia  AssamBs  the  tniiifmtcKion  of  Mt,000  kllp watts  ov^t  h  dbSAa 

flxty-tli  *^,  merelj  as  a  convenlfftjl  flfMt   appn>ximatlon.     There  in  no  protttbtl)!/ 

4bftt  vo  lur^  »  lolume  of  power  woiUcI  be  at]^^  for  at  Albany. 

t^Ince  ihp  prif«  of  copper  is  tww  at  a  miniimtjiii  anil  since  in  reAiChlDj?  otber  commui^tk^ 
tlJ(T  toisl  length  of  line  nilfrhl  be  loufwr  than  in  hf^ri?  PecJtoned,  and  notwllhataniijnff  thit 
iDiich  k^  tliiin  50.CKH}  kilowatts  wotjld  be  tranmiilted  m  far  ait  Albany.  It  app^&rB  prudB^t 
aa  *L  fifEt  u|>pro?tJniation  to  aimiume  the  can  of  th«  tnLnsmb^on  Un^  at,  say.  SWO.OOO.  IW 
estimate  Bhow»  a  cost  of  on^  $803,000.  and  la  as  foUnwa: 

To  dellYer  SO.OOO  kilowatt*  siity-three  tnllea,  25  cycles  per  Second*  80.000  volts  deJis«Mi 
power  factor  S5  per  cent. 

Put  up  two  lines,  «}acb  of  whldi  would  deliver  the  whole  power  bj  crowding  it,  mjr,  lo  t 
ll.t  per  cent,  losa  at  peaka, 
Lo^t  volts  =  10,000. 

03  X  50,000  X  3 

c.  in.  ^ — — =:  3i>fl,000  c.  m.  per  conductor. 

liax  t«OJ* 
17,000  potindJ  pc^r  mile  —  X  63  =  1,070,000  x  IS  certta  =  1103,000. 

€3  X  50  000  X  S 

lor  iwo  Jlnea.  o,  ra*  per  conductor  =  710,000  ~ '■ —  i  =  5.55  pet  o*t 

X  %  X  (80 )» 
The  average  power  paid  lor  would  not  exceed  35^000  kilowatt*  on     twenty-fouf-botf 
35 
basiif,  K3  our  loflii  would  be  only  — —  X  B.^B  or  3,9  per  cent. 

50 

Tower  line  Itieliidln^  all  labor  and  matrrlal  of  stririging  wire,  etc, ta,  loo  per  mfl*^ 

RJihioiway,  lOO ft, -strip,  12 acn»  per  imllo .,..*..,,.,..  2,500  per  mJk 

Copper , ,,,..**,..,,  3,060  per  Pllt 

17 . 660 
Gent  of  two  lines  (5,160  X  2  +  2,5001  x' 63  =  1808,000,  for  dxty-thriee  milea. 

a  AC  AND  AQ  A  PEG  JEOr— YEARLY  CH,iRGES, 

¥jmm  STAqE — UiiED  ron  Storaox  tor  limxitirtT  of  Hudms  Rivra  Pow^wi. 

The  (ongoing  preliminary  e.stlmatL'^  have  fJiown  for  the  f^iLcanda^  proiwt  In  il^  ^r^ 
etago  with  dani  built  ond  power-liouse  deferred,  for  all  k?(*1  e*t»tf;,  rightw.  reaervolr.  data, 
new  highways,  etc^^  a  com  tnclndhig  Inii^rest  dtidng  construction  of  ahout^ $5,000,M' 


The  yearly  interest  on  this,  at  4  per  ceni,,  is ,.....,.. *  . , .  ,  S30M.<*S* 

Th^  annual  payment  to  a  linking  fund  which  would  at  the  end  of  fifty  yeara 

repay  all  the  cost  and  leave  the  f^tate  witii  title  clear  Atid  all  ct>5t  recovered, 

'    with  interest  at  4  per  cent.,  would  tie  .6o5  p*^r  cent.,  or  about. ,,.,.. 33«0M 

Taxes,  or  equivalent  payment  toward  support  of  town  government  in  Ueu  of 

taxable  praperty  converted,  say  I  per  cent,  on  one  million  dollars, ,.....»  10, 

UaJntennnce  of  State  highways,  built  in  lieu  of  present  town  roads,  isay.*. . . .  15,I)# 

Depreciation  and  repair  on  peri^able  parts  of  dam  gatej  and  sptUway  and 

rip-rap  and  gnuHed  slopes,  say,  3  per  cnttt.  on  five  hundred  thousand  doltara  iS< 

MAlNTXNAMCeK 

Toothing  la  aim  pier  thaJi  cartng  for  storage  re^rvoJr  and  occasionally  regu- 
lating Ha  gat€fl.  but  altho  Indian  Lake,  for  example,  would  i^how  very  low  cost 
of  maintenance  each  year,  the  State  could  not  hope  to  carry  on  this  work  so 
cheaply  under  the  higher  ataodanis  expected  of  it.  We  the  re  Ions  esUmate  as 
foUowfti 
For  one  auperintendent,  four  patrol  men  and  the  cuaJtatonance  of  one  taolor 

boat  apd  for  petty  ^uppUea,  with  occasional  work  on  margins  and  snags,  »ijr 

per  year. .,,..,.....,..  ^  ,..►,... , .,,.,.,........,,...... io,i)00 

For  bookiceeping,  power  messutetnent,  Mteastnent  and  collecting  of   power 

rentals,  my ,,,,.....,,,.,,,,.....,--.,., ,...*..,,.  7,01 


Total  yearly  Bxed  chargei  and  tnalntenance ,...,......,,,,,.,.         1200  ,€00 
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The  Increase  In  power  at  sites  along  the  Hudson  already  more  or  less  developed,  shown- 
on  page  153,  averages  about  80.000  horse  power  of  24  hour  power  for  6  months  in  the  year. 
The  yearly  charges  as  Just  figured  would  therefore,  if  averaged  over  all  of  this  power,  amount- 
to  a  total  cost  of  S3. 75  per  horse  power  per  year. 

But  by  no  means  all  of  the*plants  are  in  position  to  immediately  make  use  of,  or  pay  for. 
all  of  this  increased  power.  A  careful  canvass  would  need  to  be  made  1>efore  any  reliable 
statement  of  the  yearly  income  could  be  m.ide. 

I  have  .little  doubt  that  investigation  would  show  that  some  of  the  largest  concerns  en- 
gaged in  the  transmission  of  electric  p^wir  would  receive  b^neflts  of  upwirJ  of  S25  par 
horse  power  per  year  and  that  others  engaged  in  manufacturing  would  receive  the  equiva* 
lent  of  at  least  $10  per  year  for  each  horse  power  under  this  100  per  cent,  load  factor.^ 

Therefore  it  is  reasonable  to  believe  thatincourse  of  a  few  years  a  rental  could  be  secured 
from.  say.  two-thirds  of  the  total  falls,  that  would  leave  the  State  a  larg3  direct  profit  on 
the  outlay  of  about  S4.500.000  to  S5.000,000  for  this  reservoir  in  addition  to  the  large  indirec 
gains  already  mentioned. 

Merely  for  purposes  of  illustration  : — 

If  out  of  the  80,000  horse  power  of  increased  24  hour  power,  (remembering  that  cost  of 
turbines  and  penstocks  and  depreciation  on  same  has  yet  to  be  provided  for  by  the  mill 
owners)  we  assume  10.000  horse  power,  24  hour  ixjwer  at  $25  tax  =»  $250,000  per  year. 

10,000 "  15     "  150,000       " 

40,000 10       "  400.000       " 

Total  taxed        60.000  $800,000 

we  find  a  profit  above  interest  and  maintenance  of  over  half  a  million  dollars  psr  year. 
This  it  should  bB  clearly  understood  is  not  presented  as  an  estimate;  for  th3  present  is 
merely  a  progress  report,  and  as  stated  above,  a  canvass  of  the  conditions  for  profitable  in- 
crease at  the  several  sites  has  not  yet  been  made. 

Altho  during  this  first  stage  of  use  for  benefit  of  the  water  powers  on  the  main  Hudson, 
the  storage  water  would  be  run  for  only  about  six  months  out  of  the  twelve  in  an  average 
year,  it  has  substantially  the  value  of  an  addition  of  this  amount  of  power  for  the  full  year». 
because  this  present  surplus  flow  of  the  flood  months  is  hardly  worth  putting  in  turbines 
for.  For  example,  at  Liowell.  Mass..  and  Lawrence.  Mass.,  after  more  than  fifty  years  of 
manufacturing  activity,  the  surplus  fiow  of  the  wet  half  of  the  year  still  runs  to  waste. 

At  some  of  the  Hudson  plants,  the  present  conditions  are  different  from  those  at  Lowell 
•nd  Lawrence,  since  to  a  moderate  extent  a  surplus  of  wood  pulp  can  be  ground  in  the 
months  when  water  is  plenty.  Nevertheless,  as  the  following  table  shows,  the  present 
turbine  capacity  in  proportion  to  the  fiow  of  the  stream  is  not  excessive,  and  there  would  be 
water  provided  for  many  additional  turbines.  The  following  table  shows  that  at  the  present 
time  the  total  turbine  capacity  at  the  principal  power  sites,  altho  larger  than  can  be  filled 
by  the  average  yield  of  water  in  the  dryest  month,  is  in  general  only  about  half  as  great  at 
the  turbine  capacity  which  could  be  continuously  supplied  after  the  Sacandaga  had  beeo 
regulated  as  herein  proposed. 

Any  scheme  of  rentals  or  taxation  for  these  betterments  should  provide  for  a  revaluation 
of  the  annual  rental  at  intervals  of  about  20  years,  and  for  rates  dllTering  with  the  use.  and 
lower  rates  for  local  use  than  for  long  distanc?  transmission.  . 
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Sacandaoa  Power-Housb  Operation. 

For  the  second  stage  of  development,  the  cost  of  the  long  tunnel,  and  of  the  power-houae 
«nd  its  equipment  complete  and  of  dredging  the  tailrace  channel  and  transmission  lines, 

with  interest  during  construction  may  be  as  much  as $5,000,000 

Distributing  this  over  the  twenty-four-hour  seven-day  power,  if  on  a  24  hour  basis  of 

5.000,000 

90,000  horse  power  would  give  a  cost  of =  $167  per  net  horse  power. 

30,000 

But  this  is  manifestly  unfair  because  the  estimates  cover  cost  of  building  and  equipping 
with  machinery  of  about  80,000  horse  power. 
Since  the  power  could  probably  be  ultimately  sold  under  a  forty  per  cent,  load  factor 

5.000,000 

And  to  the  extent  of  60,000  horse  power,  the  cost  on  this  basis =  $83  per  horse 

60.000 

power  delivered  to  consumers,  for  cost  of  waterways,  station  and  transmission  lines,  and 
exclusive  of  cost  of  reservoir. 

The  cost  of  steam  power  for  the  number  of  hours  per  day  equivalent  to  the  average  num- 
ber  of   hours  [during  which    this   power   of    60,000   horse-power   could    be    furnished 
24x7 

(which  is X  40  per  cent.  =  11.2  hours  for  6  days   per  week),  with  best  modem 

6 
plant  of  large   size  and  with  cheap  coal,  would  be  about   '$20  per  horse  power  per  year, 
if  all  fixed  charges.  Insurance,  contingencies,  depreciation,  renewals,  etc.,  are  reckoned  in. 

In  the  prospectus  of  the  large  power  plant  now  under  construction  on  the  Connecticut 
river  near  Brattleboro.  Vt.,  where  12,000  horse  power  of  twelve-hour  power  Is  to  be  de- 
veloped, excellent  authorities  are  quoted  for  the  statement  that  manufacturers  in  a  region 
fairly  comparable  with  that  which  this  plant  would  serve,  can  afford  to  pay  $25  per  horse 
power  per  year  for  ten-hour  power. 


Probable  Yearly  Cost  to  the  State  for  Full  Sacandaqa  Development, 

{Rough  Preliminary  Approximation.) 

Operation  of  Po^'er-House  and  Transmission  Lines. 

The  interest  on  $5,000,000,  at  4  per  cent,  per  year  to  the  State $200,000 

Sinking  fund  fifty  years,  at  4  per  cent,  at  .00655 33,000 

Depreciation  on  peri.shable  parts,  $1,250,000,  at  4  per  cent 50,000 

Expenditures  in  lieu  of  taxes,  say 10,000 

Supplies,  oil,  petty  repairs,  insurance,  say i 25,000 

Contingencies,  accidents,  forfeits  due  failure  to  supply,  say 25,000 

Attendance,  power-house  and  transmission  lines,  exclusive  of  reservoir,  say. .  75,000 

Supervision  and  bookkeeping,  general  administration  costs,  say 10,000 

•  '      Total $428,000 

Cost  per  horse  power  per  year,  if  all  be  reckoned  as  twenty-four-hour  seven-day  power- 
428.000] 

• orlabout  $14  per  horse  power  per  year,  or  If  reckoned  as  used  on  the  average  11.2 

30,000 

hours  per  week  day.  or  under  a  forty  per  cent,  load  factor,  the  cost  per  year  would  be  about 
fO.00,  based  on  complete  utilization,  wliich  Is  only  about  one-third  of  the  lowest  cost  Of 
9Uam  power  on  a  ten-hour  basis  in  large  plants. 

But  one  must  not  be  misled  by  such  fipires.  The  full  Income  would  not  be  attained  for 
•everal  years.  Much  time  would  be  required  to  secure  a  line  of  customers  for  so  large  an 
amount  at  full  prices. 

Cities  within  convenient  reach  might  be  supplied  at  wholesale  at  $10  to  $15  per  horse 
power  per  year  for  this  40  per  cent,  load  factor  power,  which  would  be  equivalent  to  0.38  to 
0.57  cents  per  kilowatt  hour,  and  1  have  little  doubt  that  users  for  the  renmlnder.  at.  say, 
prices  ranging  from  $15  to  $25  according  to  circumstances  and  subject  to  Increase  at  end 
4lf  a  five-year,  ten-ye&r  or  twenty-year  term,  could  be  found  after  some  years,  and  that  at 
the  suggeyited  revaluations  after  *»ach  ten  or  twenty  years'  period,  ^  «Wbd\Mi\Vivw^^"afe  Vcv NX:k» 
00jkto  wouJd  be  found  fair. 


f 
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TB«    HsaL  PftOFTT  03T    THE   TNVE3TM€I«T, 

|.i  to  the?  state  would  be  largely  indirect^  and  would 

nplete  ik!V^!ctpitieT)t  of  tUi«  jiarl  of  its  ^cftt  naturnl  resound, 

|i&  dramag^  area  will  ykld  more  power  and  a  more  uniferm 

^-  Ml  Itie  possibility  under  State  control  of  devoting'  this  p^wcr 

ItJ^t^a  and  ultiinntely  to  pnrpoae:^  iltAt  will  Bt?t  many  more  men 

A  nvw  iTidostriRl  coirimLiniti^s,  wliereaa  under  private  controi 

W0B  E  b«  ttscd  for  rc^i^ladng  sioam  power  now  in  u^. 

pa  ftnvx  coine,  too^  in  the  creation  of  lakes  more  beautiful,  by  reii^aii 

I  b«      _j  Bbore3  hotter  prepartnl,  and  with  uluit-e*  set  so  high  that  ttje  like 

"AH  never  be  emptied  in  severest  drought,  and  by  better  highways  around  tW 

w  Ukea. 

FfOm  the  projet^ted  Saeand»ga  improvement,  there  would  come  luany  bene- 

'  whieh  eannot  readily  be  figured   in  dollar  fit  such  a.^  the  largr^r  suimner 

*   for   dilutinj^  the  sewage  tliat  the  river   reeeived  and  for  bettering  the 

lent  souree  of  Pougkkee[iaie  water  supply  bj*  driving  the  braekish  water 

her    Boaward,    the    better    flow    ft>r    navigation    over   tho   ah  allows   from 

V  to   New   Bnltimore,   the   lessening   of   the   flood   depths   and  dangers  at 

Troy  and  at  other  towna  along  the  atrcam^  and  from  M  these  gouroes 

..^^imonwealth  would  be  benefited,  although  it  merely  got  a  new  dollar 

lor  an  old  one  in  the  State  Treasurer'^  bookkeeping* 

Ttiat  there  are,  however,  poasibilitieR  of  direct  return  from  even  the  el*b- 
orate  scale  on  which  this  trial  design  lyis  been  laid  out,  may  be  seen  frem 
the  forejsning  hrief  computations  prGsented  on  pages  173  and  IT'i,  whieh  are 
on  rentals  assumed  at  rate^  that  would  leave  a  generous  return  to  the 
customer. 

STUDIES  ON  GENESEE  KIVER. 

Inspection  at  Reqitesi.  of  County  and  City  Officiah, 

Sooti  after  the  organization  of  work  under  the  Fuller  bill,  the 
State  Water  Supply  Commission  received  a  request  fponi  the 
comity  snporvisnrB  and  later  irom  the  Mayor  of  Rochesterj  tirg^  j 
ing  a  visit  of  personal  inspection  by  the  Commissioners  and  their 
engineers  and  an  investigation,  of  the  possibilities  of  power  de- 
velopment and  flood  control  on  this  river.  Such  a  visit  was  made 
upon  September  13,  1907,  the  Commission  and  its  engineers 
being  escorted  by  the  Mayor  of  Rochester,  the  City  Engineer  and 
by  delegations  from  the  Board  of  Aldermen,  the  City  Council 
and  the  Rochester  Chamber  of  Commerce. 

Proceeding  up  the  valley  by  the  railroad,  the  large  areas  sub- 
ject to  disastrous  overflow  were  pointed  out,  and  the  several 
sites  for  a  storage  reservoir  that  had  been  proposed  at  Portage 
and  near  Mount  Morris  were  carefully  *  ^.     The  beautiful 

scenery  of  the  Genesee  Falls  and  of  Gl  also  the  object 
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of  much  attention  and  comment,  and  the  City  Engineer  and 
his  assistant,  from  a  crude  gaging  made  at  the  dams  above,  esti- 
mated that  about  100  cubic  feet  per  second  was  then  passing  over 
the  falls. 

Some  of  those  present  called  attention  to  the  traditions  that  beds 
of  quick  sand  had  been  found  in  early  days  when  attempting  to 
tunnel  for  a  railroad  through  a  portion  of  the  rim  of  the  proposed 
basin  and  the  site  of  this  supposed  weakness  was  carefully  noted 
for  future  investigation. 

The  object  to  which  attention  was  primarily  directed  by  the 
city  officials  was  that  of  relief  from  floods,  but  investigation  of 
the  extent  to  which  the  water  power  of  Rochester  could  be  aug- 
mented by  the  release  of  this  stored  water  was  also  requested. 

Attention  was  also  directed  to  the  reputed  suggestion  of  the 
late  Lord  Kevlin,  the  eminent  physicist,  on  the  occasion  of  his 
visit  to  Rochester  some  years  ago,  in  course  of  which  he  is  re- 
puted to  have  suggested  that  the  desired  storage  and  flood  control 
could  perhaps  best  be  developed  by  a  series  of  small  reservoirs 
on  the  tributaries  of  the  Genesee  river,  rather  than  by  the  con- 
struction of  a  large  reservoir  either  at  Portage  or  Mount  Morris. 

Although  it  had  at  first  been  considered  that  the  investigations 
desired  on  the  upper  Hudson  would  consume  all  the  time  and  all 
of  the  appropriation  available,  it  appeared  eminently  proper  that 
some  portion  of  the  time  and  funds  be  devoted  to  the  study  re- 
quested by  Rochester,  especially  so  since  two  widely  separated 
portions  of  the  State  would  thus  each  have  a  local  interest  in  the 
question  of  the  development  of  great  water  powers  under  State 
control. 

All  previous  records  relating  to  this  matter  in  the  reports  of 
the  Stat^  Engineer,  the  State  Water  Storage  Commission,  the 
Rochester  Flood  Commission,  together  with  the  data  in  the  volume 
published  by  the  Board  of  Regents  concerning  the  Hydrology  of 
"New  York  and  the  publications  of  the  IT.  S.  Geological  Survey, 
\9ere  searched  for  data,  in  order  that  the  smallest  possible  ex- 
penditure in  surveys  and  l)orings  might  serve  the  present  purpose. 

It  is  of  interest  in  passing  to  note  that  no  specific  plan  of  power 
development  at  the  Genesee  Falls  near  Portage  was  made  in  the 
Hafter  report  of  1896  or  in  his  N.  Y.  Hydrology.    T\i^  e^VYCc^aX^^ 
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Te  prosented  refer  only  to  the  increase  a-t  th^  present 
^itlim  the  citj  of  Kocheater. 


I 


W     t] 


Jajs  OF  Kesekvoib  fob  Fix>od  Conthol. 

Advantages  of  State  Supervision. 

t         k'nesee   river,   the  construction   of   a  great   stora^ 

rvoir  XI   t  been  repeatedly  urged  during  the  past  ten  yeara. 

i  reason  which  has  appealed  most  strongly  to  the  puWic  is  that 

lis  would  lessen  the  flood  dangers  at  Rochester  aiid  lessen  the 

eerflow   all   along  the  remarkably  level,  broad  Tall<?y   through 

,ch  the  river  winds  for  forty  miles  between  Mount  Morris 

■^d  Eochester.     It  has  also  been  Jiiade  plain  that  this  re&ervoir 

made  to  add  largely  to  the  iffftter  power  of  the  present 

jtoriea  and  power  stfitidas  at  Rochester, 

In  the  final  analysis,  it  now  appears  that  the  greatest  good  to 
the  State  at  large  and  to  the  city  of  Rochester  in  particular,  f mm 
storage  reservoir  constnictionj  will  be  found  in  power  develop- 
ment rather  than  in  flood  control^  for  the  two  purposes  are  to  some 
extent  antagonistic*  The  full  reservoir  is  best  for  power.  The 
empty  reservoir  is  best  for  holding  back  a  flood,  but  both  pur- 
poses can  be  combined  to  some  extent  and  to  do  this  has  been  one 
object  of  the  present  study. 

The  Portage  reservoir  project  is  a  large  one  and  involves  in- 
voking largely  the  use  of  the  State's  right  of  eminent  domain, 
in  the  taking  of  farms  and  in  the  moving  of  homes,  althoug'h  as 
such  matters  of  reservoir  building  go^  the  conditions  found  above 
Portage  would  work  no  unprecedented  hardship.  It  also  involve 
the  changing  of  the  rail  mad  location  for  several  miles  along  the 
river  and  the  proposed  regulation  of  the  river  will  change  the  rate 
of  flow  of  water  over  the  Genesee  Falls,  which  are  the  chief  feature 
in  one  of  the  State's  most  beautiful  pleasure  grounds,  a  heritage 
from  a  distinguished  citizen  who  is  a  lover  of  nature  and  of  his 
fellowmen,  and  whose  wishes  are  entitled  to  profound  respect. 
For  these  reasons  and  many  others,  if  this  reservoir  is  to  be 
built,  the  regiUation  of  the  reservoir  and  the  use  of  the  power 
(jerivod  should  certainlj  be  retained  within  the  control  of  the 
StBte, 
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A  careful  study  of  the  ground  and  some  fairly  complete  surveys 
made  during  the  past  few  months,  have  caused  me  to  believe  that 
by  perhaps  changing  the  location  of  the  dam  and  by  conveying 
the  water  for  power  underground  through  a  deep  tunnel  to  a  power 
house  located  at  least  one-half  mile  or  more,  probably  two  miles 
down  stream  from  the  lowest  Jail,  all  of  this  construction  could 
be  done  without  marring  the  beauty  of  Glen  Iris  in  the  slightest 
degree.  Indeed  by  means  of  this  storage  a  greater  flow  could 
be  provided  for  the  falls  at  those  times  when  they  will  be  most 
visited,  than  is  now  possible  and  very  much  greater  than  now 
comes  to  them  under  natural  conditions  in  a  severe  midsunmier 
drought. 

By  the  construction  of  the  proposed  Portage  reservoir  and  the 
development  of  this  very  remarkable  power  site,  Rochester  and 
the  broad  valley  above  it  could  be  in  a  large  measure,  although  not 
entirely,  relieved  from  dangerous  floods,  and  in  addition  there 
could  be  provided  the  equivalent  of  35,000  horse  power,  twenty- 
four  hours  in  the  day,  seven  days  per  week  from  a  new  power 
house  to  be  built  a  few  miles  north  of  Portage. 

This  amount  of  power  if  concentrated  largely  into  ordinary 
working  hours  under  a  forty  per  cent,  load  factor,  would  supply 
about  60,000  horse  power  for  industrial  and  municipal  uses  in  the 
Genesee  valley  and  its  neighborhood,  exclusive  of  the  mill  sites 
at  Rochester  and  beyond  this  would  add  20,000  horse  power  to 
that  now  furnished  by  the  Genesee  within  the  city  limits  of 
Kochester. 

Surely  when  the  time  comes  that  the  large  expenditure  involved 
may  be  prudently  made,  the  gain  to  the  city  and  to  the  State  from 
this  reservoir,  in  flood  relief  and  in  new  power  development,  will 
be  far  greater  than  any  possible  injury. 

The  power  rentals  at  ordinary  prices  for  steam  power  would 
8how  a  good  profit,  but  the  marketing  of  such  large  amounts  of 
power  would  be  slower  under  the  conditions  of  to-day,  and  since 
the  capital  involved  in  the  entire  development  for  both  dam  and 
power  house  would  be  very  large,  it  is  to  be  kept  in  mind  that 
the  dam  could  be  built  and  used  for  flood  control  and  for  rein- 
forcing the  summer  flow  of  the  river  at  RocTiester  and  add\u^  \io 
/ie  Bochester  water  potoers  for  a  term  of  years  "before  "bu^XA^tv.^ 
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any  pom'r  plant  at  Portage  and  before  building  anytbing  con* 
necled  wilii  the  tunnel  except  its  lieiid  gates  and  a  hundred  h^t 
or  m  of  it©  upper  eud. 

Much  nwYt:  study  id  iioeded  for  obtaining  proper  data  on  many 
of  the  import  ft  lit  c*  nisi  tier  at  ion  §i  ofTerting  thi^  projc'ct,  but  the  main 
fcatnie^  bnve  Utu  pro%*iaional)y  worked  out  with  a  very  fair  degree 
of  coiupli'feness,  m  will  bt*  made  plain  in  the  following  pagi'S. 


i^io^l 


The  cilijert  af  flrat  {mitortanee  In  studies  ^f  wntt^r  power,  storage  and  fi^ 
control  h  io  lewrn  llie  volumt?  of  flow  of  tU^  rivrr  from  day  to  day. 

Thnt  poribn  of  the  Genes^pc  dt>iinAgi^  uren,  J>nng  upstream  from  the  pn>- 
posed  stomge  dmn  at  Portjigie  is  of  iiiueh  greater  average  olLitude  than  the 
porlimi  Iff  lh»^  ihalnagi'  rtrt-ii  lying  down  utroiiiu  from  Portjige  and  Moimt 
Morris,  atid  is  t^nough  dittcrcnt  tn  chiirnctcr  of  surfn<:e  and  forest  cover,  •<► 
that  it  U  importuJit  to  buee  eBtiuiat*'*s  of  >Seld  W|K>o  gagiuga  neELr  the  site  of 
the  itorogo  dnm  rather  than  to  rely  u(k>il  the  m«nsurementa  a.t  Roeheater,. 
wbicli  moreover  are  ujiderfltood  to  lack  precision. 

The  flow  of  the  G^^nesee,  Uke  that  of  moat  other  rivers^  Vfiriea  so  much  from 
month  to  mouth  thitt  any  few  acnttered  ga^ging^  however  useful  for  nmr^ng^ 
the  extreti]<^A  of  flood  i^nd  drought,  are  without  value  for  estimating  power 
or  the  ref]tHrcm(?nt^  (4  ilnttd  cotitrcd, 

Mr.  A.  S.  Kibbe,  p.  447,  N.  Y.  State  Engineer's  Report  of  1890,  says  con- 
cerning measurements  of  the  flow  of  Genesee  river  prior  to  his  own  gagings: 
"  No  systematic  gaging  of  its  flow  has  ever  been  made  at  one  point  con- 
tinuously or  for  any  length  of  time." 

Mr.  Kibbe  made  gagings  from  June  17  th  to  December  2d,  1890,  see  p.  71fir 
N.  Y.  State  Eng.  Rep.  1896. 

The  only  other  continuous  gagings  of  the  upper  river,  of  which  record  can 
be  found  prior  to  1903,  were  made  at  Mount  Morris,  at  the  Hydraulic  Power 
Company's  dam,  where  the  drainage  area  is  about  1,070  square  miles,  from 
September,  1893,  to  February,  1907,  thus  covering  a  period  of  three  years  and 
four  months.  These  were  made  over  a  dam  with  a  very  irregular  crest.  (See 
State  Eng.  Report  1896,  p.  636;  also  Rafter  Hydrology  of  N.  Y.,  p.  333), 
which  dam  was  washed  away  by  a  flood  in  February,  1897. 

A  gaging  weir  for  accurately  calibrating  the  measurements  over  the  old 
Hydraulic  Power  Company's  dam  was  built  at  Mount  Morris,  2%  miles  up- 
stream therefrom,  about  August,  1896.  (See  Rafter  Hydrology,  N.  Y.,  p. 
308,  333,  602.)  Unfortunately,  it  was  washed  out  by  a  flood  about  the 
middle  of  October,  after  having  been  in  use  only  about  2%  months. 

Another  gaging  station  on  the  Genesee  also  called  the  Mount  Morris  sta- 
tion was  established  by  the  U.  S.  Geol.  Survey  in  1903,  and  the  results  have 
been  published  without  making  it  plain  that  this  third  Mount  Morris  station 
was  at  Jones*  Bridge  below  the  mouth  of  the  Canaseraga  creek,  where  the 
drainage  area  is  about  340  square  miles,  or  33  per  cent,  greater  than  at  ths 
old  station  of  the  same  name.  In  fact,  the  State  Engineer's  reports  of  1905, 
p.  649,  gives  erroneously  for  the  drai|^'''"''^||^of  this  new  station  the  old 
Mrea  of  1,070  square  miles,  whereas  a/qf         ^^ta^ut  1,410  square  mitot. 


Iraiy^'nilft  of  this 


Studies  of  Water  Power  Development.  181 

A  fourth  gaging  station  near  Mount  Morris  over  the  new  stone  dam  called 
the  '*  High  Dam  "  was  established  by  the  U.  S.  Geol.  Survey  in  1905. 

At  Rochester,  the  Genesee  had  been  somewhat  roughly  gaged  for  many 
years.  Mr.  Rafter  made  use  of  these  gagings  from  February,  1897,  to 
November,  1898,  in  piecing  out  his  table  of  flow  for  the  Genesee  at  Mount 
Morris.  The  only  records  of  this  series  that  we  find  published  in  the  State 
reports  or  the  United  States  reports  are  those  from  December,  1894,  to  No- 
vember, 1896,  inclusive,  given  in  the  State  Engrs.  Kept,  of  1896,  pagae  039 
«nd  718-9. 

At  Elmwood  avenue  bridge,  Rochester,  in  February  9,  1904,  a  station  was 
established,  as  described  in  State  Engineer's  report  of  1905,  p.  650. 

In  1903  and  1904,  during  low  water,  measurements  were  made  under  direc- 
tion of  City  Engineer  of  Rochester  at  the  Johnson  and  Seymour  raceway  and 
on  the  Carroll  and  Fitzhugh  raceways. 

The  topographical  maps  of  the  U.  S.  Geol.  Sun-ey  are  as  yet  incomplete 
for  a  large  part  of  the  Genesee  drainage  area.  For  the  drainage  area  above 
Rochester,  the  figure  of  2,365  square  miles,  given  in  the  city  engineer's  report, 
lima  been  adopted. 

Accuracy  of  Mount  Mobris  Gagings. 

Regarding  the  quality  of  these  gagings,  they  are  not  of  as  high  precision  as 
desirable,  but  doubtless  average  within,  say,  five  per  cent,  to  ten  per  cent. 
of  the  exact  figure,  and  from  a  study  of  description  of  the  form  of  crest  used 
in  September,  1906,  to  calibrate  the  Hydraulic  Power  Company's  dam,  the 
actual  flow  is,  say,  probably  five  per  cent,  greater  than  the  computed  flow. 

Opposite  page  602  of  Hydrology  of  N.  Y.  are  shown  photographs  of  the 
timber  dam  and  of  the  measuring  weir  and  on  p.  308,  Hydrology,  is  shown  the 
cross  section  of  the  measuring  weir. 

I  find  no  good  reason  for  the  adoption  by  Mr.  Rafter  (see  p.  718,  State 
Engrs.  Rept.  1896)  of  the  Francis  formula  Q=3.33  LH|  for  computing  the 
flow  over  this  standard  weir,  whicli  luul  a  queer  form  of  erest,  very  ditferent 
from  that  prescribed  by  Mr.  Francis,  giving  less  contraction  at  the  underside 
of  the  jet,  and  which  form  would  therefore  give  a  somewhat  larger  discharge 
than  the   standard   Francis  weir. 

The  comparisons  of  discharge  between  this  calibrated  weir  and  the  dam 
erest  presented  on  p.  334  of  the  Hydrology,  lack  satisfactory  agreement,  but 
while  more  precise  gagings  covering  a  much  longer  term  are  desirable,  we  have 
here  already  measurements  of  actual  flow  longer  and  more  accurate  than  those 
on  which  the  preliminary  plans  of  tlie  great  majority  of  water  power  instal- 
lations have  had  to  be  based,  and  since  these  Rafter  gagings  probably  slightly 
underestimate  the  flow  and  embrace  the  remarkably  severe  drought  of  1895, 
they  are  on  the  safe  side. 

In  addition  to  the  period  from  September,  1893,  to  November,  1897,  covered 
by  the  actual  gagings  at  Mount  Morris,  Mr.  Rafter  in  Hydrology  of  N.  Y.,  p. 
333,  estimated  the  probable  flow  at  the  storage  site  from  April,  1890  to  No- 
Tember,  1892,  from  some  actual  gagings  that  had  happened  to  be  maintained 
during  that  period  for  other  purposes  on  Oatka  creek,  a  lower  tributary,  of 
only  about  one-fortieth  of  the  area  above  Portage,  which  probably,  because  of 


^ 


L 


^  Stats  Wateh  Stipplt  LoM^tssioTT, 

iti  lower  :ude  and  Ita  U«k  of  foreat  and  its  tmall^  ftreft,  Ilas  &  kes 

proliHo  ykEd  than  the  Genesee  at  Fort  age ,  thUB  again  making  the  error  on  tli« 
fl&fe  side. 

From  Deteiiiber^  18R2  to  August,  18^3,  in  the  absence  of  gaging^,  he  deduced 
the  nin-ofT  from  tbe  rainfall,  and  subsequent  to  the  loss  of  the  dam  from 
November,  1697  to  November,  1898,  inelufliire,  the  flow  from  Mount  Moirii 
was  deduced  from  the  record  at  Rochester,  which  from  embracing  mucli  drain- 
age having  lower  altitude  and  smaller  rainfall  than  the  portion  above  Portage, 
again  tends  to  bring  the  estimate  of  the  discharge  of  the  riTer  at  Portage  on 
the  safe  side. 

In  the  nine  ^ears  of  probable  monthly  floWj  thus  deduced^  it  is  of  grett 
interest  to  note  that  the  jear  of  smallest  run-off*  18D5,  and  the  year  of 
largest  run-ofiT,  IS04j  fall  within  the  period  covered  by  the  daily  gagings  at 
Motint  Morris,  wherefore  these  records  of  daily  fiuctuationfi  during  thif 
period  may  prudently  be  used  as  a  safe  guide  in  computiog  the  storage  re- 
quirement and  the  power  yield  for  the  proposed  site.  We  will  later  examiae 
the  rainfall  records  from  1&25  to  1907  for  possible  warning  against  any  period 
more  severe. 

Stqiuos  Ee^uibements  at  Pobtags, 

The  beat  method  of  computing  the  storage  requirements  for  a  given  drainage  j 
area  from  records  of  stream  How  is  by  the  mass  curve  method,     (See  ptati^ 

18.)  • 

Plotting  this  mflss  curye  from  the  nine  years  run-off  data  just  described,  it ' 
immediately  is  plain  that  the  most  severe  period  in  ]^roviding  uniform  de- 
livery of  water  for  power,  or  in  other  words,  the  series  of  years  of  smallest 
yield,  is  from  July  1,  1894  to  June  1,  1898. 

Starting  with  reservoirs  full  after  the  heavy  rainfalls  of  March,  April  and 
May,  1894,  a  uniform  discharge  at  the  rate  of  800  cubic  feet  per  second  from 
the  entire  drainage  area  of  950  square  miles,  could  have  been  steadily  main- 
tained  throughout  every  day  of  this  extreme  drought.  This  is  equivalent  to 
a  total  run-oflf  of  11.4  inches  per  year  in  depth  from  the  tributary  watershed. 

The  divergence  of  the  mass  curve  from  the  draft  line  shows  that  maximum 
reservoir  depletion  at  the  end  of  the  drought  would  have  been  equivalent  to 
6.0  inches  depth  on  entire  drainage  area  of  950  square  miles,  which  in  other 
words  is  11,700,000  cubic  feet. 

The  proposed  reservoir,  above  Portage  according  to  table  on  p.  708-9,  N.  Y. 
State  Engineer's  report  of  1896,  would  contain  this  quantity  with  water  at 
elevation  of  1,190  feet  above  sea  level  and  is  therefore  of  ample  size  to  store 
some  of  the  surplus  of  the  year  of  heavy  rainfall  and  to  carry  the  surplus  over 
for  the  year  of  drought  and  tcith  dum  built  of  the  height  that  I  propose 
would  have  20  feet  in  depth  of  reservoir  at  its  top  where  content  per  foot 
of  depth  is  greatest,  always  available  for  flood  control. 

In  the  year  1895,  according  to  the  concurrent  testimony  of  all  the  rainfall 
records  of  the  region  around  the  watershed  of  the  Genesee  above  Portage 
(viz.  at  Humphrey,  Arcade,  Angelica,  South  Canisteo  and  Alfred)   the  rain- 

•  Note. —  The  800  second  feet  draft  line  on  plate  IS  is  too  large,  but  due  to  the  weigiii 
of  other  considerations  it  is  thought  best  to  let  it  stand. 
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fall  was  only  about  75  per  cent,  of  the  normal  and  moreover  was  less  than, 
in  any  other  one  of  the  twenty-nine  years  since  the  rain  gage  of  the  Rochester 
water  works  was  established  at  Hemlock  lake. 

The  average  run-off  for  the  whole  nine-year  period  as  deduced  from  the 
incomplete  gagings  already  described  was  14.2  inches  per  year  equivalent  to  a 

flow  from  1,000  square  miles  of  IMJ?^  x  0.884  factor  x  950  sq.  m.  =  994 

12  months 

or  say  1,000  cu.  ft.  per  sec. 

The  lack  of  precision  in  river  gagiigs  at  Mount  Morris  appears  to  be  all 
on  the  side  of  underestimating  the  flow,  and  the  most  probable  value  for 
yield  in  severest  drought  is  850  to  900  cubic  feet  per  second. 

A  flow  averaging  1,000  cubic  feet  per  second  (equivalent  to  1.13  inches 
mn-off  per  month  from  the  watershed  of  950  square  miles)  could  be  delivered 
in  many  years  without  nearly  emptying  the  reservoir,  but  a  yield  of  800 
cubic  feet  per  second  can  apparently  be  depended  upon  in  what  may  be  classed 
as  the  dryest  year  of  the  half  century. 

In  such  an  exceptionally  dry  year  as  1895,  or  once  in  a  lifetime,  some  cur- 
tailment of  the  power  could  be  pr<$vided  for,  and  some  reduction  in  the  number 
of  hours,  or  the  volume  of  watery  poured  over  the  falls  iior  scenic  effect  could 
be  conceded,  and  I  consider  that  i^he  dfi^a  v^  Jiand.  ampl^  justifies  the  opinion 
that  after  making  a  fair  provision  f6^pFes««ting  .the  beauty  of  the  cascades, 
and  with  the  proposed  reservoir  flow  line  at  say,  elevation  1,210,  there  can 
be  delivered  from  the  Portage  reservoir  for  power  purposes,  twenty-four  hours 
per  day,  seven  days  in  the  week,  throughout  every  year  but  the  most  extreme, 
760  cubic  feet  per  second. 

Proposed  Portage  Reservoir. 

The  maximum  depletion  caused  by  maintaining  a  constant  draft  of  800  cubic 
feet  per  second,  partly  for  power,  partly  for  scenic  effect,  would  have  been 
as  shown  in  table  below. 


YEAR. 

Maximum 
depletion. 
Inches  on 
drainage 
area. 

Date 
of  low 
point. 

Total  cubic  feet  depletion 
•     from  full  capacity. 

Cubic  feet 
capacity  left 
in  reservoir 
of  15  bilUon 

cubic  feet 
total 

capacity. 

Elevation 
of  water 
at  lowest 
point  of 
the  year. 
Feet  above 
sea  level 

1890.... 
1891.... 
1892.... 
1893.... 
1894 

1 

3 

1.2 

2.7 

2.0 

2.5 

i.e 

2.5 
1.6 

Sept.  1 

Dec.  1 

Dec.  I 

Dec.  1 

Dec.  31 

Feb.  28 

Dec.  1 

Oct.  1 

Nov.  1 

Oct.  1 

2.300.000 
7,000,000 
2.800.000 
6,300,000 

sisooiooo 

11,700,000 
6,000,000 
5,800,000 
3,700,000 

12.7 
8.0 

12.2 
8.7 

1.193 
1,175 
1,191 
1.178 

IPOS.... 

1?  95 

lh96.... 

1897 

1898 

9.2 
3.3 
9.0 
0.2 
4.3 

1*180 
1.148 
1.180 
1.181 
1.183 

{ 


STtfDY   or   MOB£   Al^CTE^T   RAIKTAU.   KIXXTHDS. 


The  perifxi  oi  actual  gagings  of  tlie  river  flow  at  Fortnge  hnvixtg  beea  to 
t»r!ef«  it  be(?omes  im portent  to  leurn  how  tiie  niinfall  ut  those  ^-vurs  eotn {Hired 
in  quantity  precipitated  witU  the  oornml  raimfall  of  the  locioltty,  and  it  ja 
also  important  to  coEftrm  the  accuxttcy  of  tlieac  river  flow  gvigiiigs  bj  com- 
parison of  the  yi<?!d  per  Bqimre  nale  on  this  water slied  with  that  found 
other  wat«rahedsjj  making  due  alJowiuice  for  differenecs  In  rainfall- 

A  search  for  all  reliable  rainfall  rt^cord*  in  tliii*  region  for  a  long  tera 
of  yearflf  tin  da  only  the  following.  Tl^v^e  have  be^tt  grouped  acct^rdlag  to 
Eieamess  to  upper  or  to  lower  watershed  and  according  to  eleiration. 

SOUTHERLY  OR  PLATEAU  QHOUP.       REPRESENTATIVE  OF  DBAIKAGB 
AREA  ABOVE  PORTAGE. 


8TATI0N. 


EleratloiL     Mean  ralAfkU. 


Records  from  — ►  to  — ^ 


AnfifiUea .....,, 

Altf^d 

Humphrey.  . .  l- 
South  Canlsteo.. 
Arcade , . . 


Average . 


I«3i0 

1,480 
t,670 


41. 3G 

45,  S2 
41  21 
41    74 


1BS9-1S90:  im2-imB; 

l^W'LlJ9S;   t»0(L 
iaS9'l897;   11*01. 

is9o-ieoe. 


19QO-03;  ^ 


4L.67 


NORTHERLY  OR  LOWLAND  GROUP.      REPRESENTATl\*E  OP  DRAINAGE 
AREA  OF  LOWER  RlVEK. 


STATION. 

Elevation. 

Mean  rolnfoU, 

Rochester  ,....* 

A33 
QOO 

607 
9^5 

33.67 
28.47 
33,  14 
31.23 
30,01 

For  70  Tear<!  ^incp  ISr^O 

Hemlock  T  Ake. 

Ithaca, 

lS7S-lS*)o:   J8i>^:    l^iil2-1906. 
For  42  Tpurs  ftiTi4-<-  I's'^a 

<J*neva  . .  * * 

1  »5n- 1 S62 ;     1  .HtJ4- 1  h  67  ;     1  Sg3^  1 89t 
1826- tS48 

Wyomiiig . ....,« ^  ^  .< . 

Av€ira£€ ,  * - 

31.42 

'  ■      ~  ■'                               = * 

It  will  be  noted  in  (comparing  the  alnive,  that  th^  ram  fall  in  the  plateau 
region  tributary  to  the  Geneaee  ahove  Portage  is  diatiniitly  larger  than  for  Um 
lower  river;  giving  tlie  stations  equal  weighty  the  average  excess  ia  10^ 
IneheSj  and  we  may  therefore  expect  the  yield  ]jer  square  niile  for  the  portiisir 
above  Portage  to  be  distinctly  larger  than  for  the  entire  ar**!  tributary  abon 
Rochester » 

This  is  diicu&eed  more  ftilly  with  the  aid  of  compensated  rain f alia  aod 
isohyctal  lines  upon  a  later  page.    (See  page   ISS' below. ) 

All  of  these  annual  rainfalls  have  been  plotted  year  by  year  on  two  dir 
grama,  plate  17*  On  the  flr»t  the  ordi nates  are  proportional  to  the  netvil 
precipit&tion  i   on   Hit   aecoud  t^e   ovdViv^Va*  %V\s  'Kf^   whieh  tii_ 
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precipitation  in  each  particular  year  bears  to  the  normal  or  long  term  average 
for  that  particular  locality. 

The  second  diagram  gives  the  most  convenient  comparison,  and  it  is  of 
particular  interest  to  note  how  concurrent  these  records  are,  showing  that 
the  conditions  are  widespread  and  the  precipitation  substantially  uniform 
over  the  watershed  in  question,  and  that  a  dry  year  in  one  part  of  this 
drainage  is  a  dry  year  over  it  all. 

This  fact  enables  us  to  accept  with  more  confidence  the  record  of  the 
fewer  stations  of  the  earlier  years  as  representative  of  the  whole  territory 
now  under  consideration. 

From  these  diagrams  we  confirm  the  conclusion  already  stated,  that  the 
year  1805  presented  conditions  of  small  rainfall  and  therefore  of  small  run- 
off, severe  as  any  that  have  occurred  within  the  past  half  century. 

From  these  diagrams  we  have  sought  to  compensate  the  averages  of  short 
term  rainfall  observations  so  as  to  correct  for  the  period  in  which  they  were 
taken  having  happened  to  be  extra  wet  or  extra  dry,  and  the  first  step  for 
this  is  the  determining  of  the  ratio  of  the  precipitation  to  normal  in  any 
particular  year.  The  method  of  compensation  will  be  plain  from  the  fol- 
lowing table.  ■ 
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'  ljS8  /    Statx  Watxs  SmpvLT  CoioaBiaov* 


IhNtt  tlM  vnnigb  rainltll  at  tiie  auuBj  dlff«r«iit  stetlQiit  m 
ih0  tetfolQg  tiAle  aa  lacdijvtel  nap  hw  been  praparad,  a  ndoead  copgr  if 
wUeh  la  pnaBUtod  In  plata  19. 

nia  Unta  of  agnal  pradpitatkii  are  not  ao  ngnlar  or  ao  ammpliiMy  Aeiaed 
aa  we  mlgM  IQDab  tai  thegr  prava  moat  dearly  tiie  lar^i  asoeaa  of  raltfdl 
Offer  the.  waiardiad  abofe  Portage  in  oomparieon  with  that  on  the  low 


Theee  enrvea  ahow  the  Bieaa  amraal  predpitatloii  oat  tta  drainaipe  aiM 
abofe  Fmtage  la  18  laehee,  while  lor  the  entire  iSeaeeee  ^palii^fe  ahovt 
it  if  ahoat  S4  iadiee;  and  it  would  hate  been  of  ^me  int^r^t  U 
and  inereaae  that  part  of  oar  maea  eana  that  was  based  oa 
Boeheater  gaglnge  at  kaat  18  per  cent;  ao  aa  to  allow  far  that,  and  alio 
to  inereaae  the  portion  derived  from  the  Oatka  O^reek  g^fimgh  where  nomud 
rainfkll  is  apparently  idwnt  88  inehea,  hy  18  per  oeut.;  but  it  has  hardl; 
aeemed  .worth  while  to  retraee  theae  onrpea,  partlenlarly  aa  they  ar«  m 
the  aafe  sidiK^  The  rate  of  inereaae  in  mn-oir  woold  doiMk^  be  larger 
*  the  pereentagB  of  Inereaae  in  rainfall  jnet  noted. 
-  Onoparlng  the  yield  of  the  Qeneeee  waterahed  with  that  from  the  upper 
Hndeon  waterahed^  we  8nd  the  rainfall  and  mn-oif  for  the  Geneflae  are  mwli 
amaller;  indeed  the  probable  nm-off  your  by  year  from  the  C^nesee  ahm 
Bortage  ia  Jvat  about  one-half  aa  great  aa  that  from  the  Sacandaga, 
withstanding  ilM  drainage  areas  happen  to  be  aiilptantially  equal. 

On  'tiie  Saoandaga  we  haye  abundant  foreat  eofor  and  on«  the  Genesee  tftien 
appears  to  be  a  remaricably  small  amount;  at  least  this  k  the  caee  ia  tin 
vicinity  of  the  reservoir.  No  special  tour  of  reconnaissance  thrrougb  tbe 
extreme  upper  Genesee  watershed  for  the  purpose  of  judging  of  its  gnuJItj 
has  yet  been  made  by  a  member  of  our  staff  other  than  that  for  studying  tl» 
sites  for  small  reservoirs,  but  so  far  as  examined  the  drainage  area  wi» 
found  nearly  deforested. 

Quantity  of  Water  to  be  Reserved  fob  Scenic  Effect  js  Glei?  Ibis, 

I  have  been  very  desirous  of  obtaining  a  series  of  observations  at  diflTerart 
stages  of  the  river,  each  set  consisting  of  an  accurate  measurenn^nt  of  0* 
quantity  of  water  flowing,  combined  with  good  instantaneous  photagrap^ 
showing  the  appearance  of  each  of  the  three  cascades  with  precisely  tMi 
quantity  of  water  passing,  but  conditions  thus  far  have  not  \>^en  fnvoTable. 

These  observations  would  tell  l)etter  than  any  written  description  just 
what  flow  was  reasonably  necessary  to  be  maintained  for  scenic  effect*  It 
was  estimated  by  engineers  of  the  City  Engineer's  office  at  Rochester  from 
depth  measured  in  the  Portageville  dam,  that  on  the  occasion  of  the  visit 
of  the  Mayor  and  other  city  officials  and  of  the  State  Water  Supply  Commti- 
sion  upon  September  13,  1907,  the  flow  was  at  the  rate  of  nbcmt  100  cubit 
feet  per  second,  but  the  conditions  for  a  precise  measurement  at  that  tinw 
were  not  good.  It  is  certain  that  the  falls  at  that  time  presented  a  iceai 
of  great  beauty  and  that  the  volume  of  water  was  not  large. 

During  the  period  covered  by  Mr.  Rafter's  gagings  in   1893  and  1896,  tlii 

summer  flow  was  for  long  periods  oTv\y  ^feout  100  cubic  feet  per  second,  sal 

during  the  season  when  this  \)ea\\lU\3\  ^v^X.  ^V  t«s^^xv\&Wp5  ^^qcms 

1 


U-'" 


ct4.epficnAl  roii^f  A3tls  aT  for 

•rtflfA  Qr  loca^  {>etuliariTtef 
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appreciative  of  the  beauties  of  nature,  the  flow  under  natural  conditions 
would  probably  commonly  be  somewhere  between  100  and  200  cubic  feet  per 
•econd. 

At  present  and  subject  to  revision  on  further  study,  it  appears  to  me 
reasonable  to  reserve,  secure  against  all  encroachment,  a  flow  during  the 
daylight  hours  from  June  Ist  to  November  1st,  of  not  less  than  100  cubic 
feet  per  second,  and  to  provide  for  a  larger  flow  on  special  occasions  and 
holidays.  In  all  years  of  ordinary  rainfall,  it  would  be  entirely  feasible  to 
provide  for  the  larger  flows  on  many  days  without  serious  detriment  to  the 
water  power.  Sluice  gates  are  proposed  of  a  type  easily  and  quickly  operated, 
and  in  case  V^e  upper  ten  feet  or  fifteen  feet  of  reservoir  capacity  is  reserved 
for  flood  relief,  this  water  could  be  discharged  over  the  falls  in  daylight 
hours. 

A  reserve  of  water  for  scenic  effect  could  be  made  secure  by  placing  the 
feeder  gates  of  the  water  power  tunnel  at  such  an  elevation  that  below  this 
level  there  would  be  left  water  enough  for,  say,  100  days*  supply  at  100  cubic 
fct  per  second,  daily,  from  sunris6' until  10  p.  M. 

The  quantity  to  be  discharged'  would  always  be  under  easy  control  by  the 
sluice  gates  in  the  base*  of  the  dam,  and  since  in  these  studies  State  ownership 
and  control  of  the  dam  ajid  power  tunnel  is  proposed,  the  people  would 
through  their  representatives  always'  have  in  their  control  the  precise  limit 
at  which  from  time  to  time  £(j  draw  the  line  i)ctween  the  quantity  that  could 
properly  be  used  for  power  and  the  quantity  that  should  properly  be  reserved 
for  scenic  purposes. 

Although  the  time  is  likely  to  come  within  a  half  century  or  less,  when 
it  will  be  deemed  as  wrong  to  be  unduly  extravagant  of  the  great  sources  of 
power  in  nature  as  to  start  a  conflagration  for  its  sublime  spectacle,  there 
will  still  be  some  generous  proportion  of  this  water  which  can  serve  its 
highest  possible  use  in  administering  to  pleasure  of  mankind  by  giving  its 
share  in  the  rare  beauty  of  Glen  Iris. 

For  present  purposes  and  subject  to  revision,  I  therefore  compute  the  water 
available  for  power,  as  what  is  left  after  in  the  average  year  providing  for  a 
flow  over  the  falls  of  not  less  than  200  cubic  feet  per  second  from  June  1st 
to  November  1st,  from  sunrise  to  10  p.  m.,  shutting  the  flow  off  more  or 
lets  at  night,  and  in  years  of  smallest  rainfall  as  much  as  now  flows,  or  not 
leM  than  100  cubic  feet  per  second  from  June  1st  to  November  1st,  and  at 
other  seasons  of  the  ordinary  year,  not  less  than  100  feet  by  day,  shutting 
this  cold  season  flow 'off  more  or  less  at  night»  or  in  years  of  severe  drought. 

Even  after  the  power  development  begins,  many  years  would  elapse  before 
full  use  to  best  advantage  would  be  found  for  the  vast  quantity  of  power  the 
Portage  works  would  furnish,  and  tlie  surplus  water  stored  could  be  used 
during  all  these  years  to  give  the  falls  a  much  greater  volume  of  summer 
flow  than  they  at  present  possess. 

If  the  dam  should*  be  built  first  mainly  as  a  flood  storage  proposition  and 
the  local  tunnel  and  power  house  deferred  for  some  years,  the  storage  could 
be  regulated  and  discharged  at  hours  selected  mainly  with  regard  to  the 
■oenie  effect. 

Wliatever  was  released  for  scenic  purposes  at  Portagfe  'tjowX^,  o\  ^i«>\T^^> 
►  its  full  use  f  r  power  at  Mt.  Morris  and  KocYieateT. 


State  Watee  Supplt  CouMissioift 

dug  table  an  estimate  b  made  of  additional  water  power  that 
available  through   th«  confitntctlon  mud  use  of  this  fltor»f» 

oomptit&tion  it  ia  supposed  med  iokly  lor  flood  control  tnd 
of  the  power  at  Rochester  and  ML  Morris  while  tbe  Portage 
deferred^ 

d  coTnputation  tlie  effect  in  increased  pow^r  at  HocheBter  is 
he  euppoditioii  that  a  Portage  power  house  is  built  and  uset 
t  that  r^aerred  for  scenie  purposes  at  subatantiallj  a  unilonn 
t  the  jesr. 
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State  Wateb  Sdppi-y  Commissios. 
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State  Water  Supply  Commission. 


Genesee  Storage  (First  Stage). 

Increased  power  at  present  Genesee  River  Plants  if  Portage  Reservoir 
be  used  solely  for  storage. 


Work- 
head. 

Added 
in  dryest 
month. 

2d 

3d 

4th 

5th 

6th 

1 

Mt.  Morris 

18 
6 
5 

2,167 
722 
602 

2,288 
11,078 

3,372 
11.559 

2,037 
678 
565 

2,150 
10,412 

3,169 
10,865 

1,527 
509 
424 

1,613 
7,805 
2,375 
8.144 

1,069 
356 
296 

1,128 
5,464 
1,663 
5,701 

801 
267 
222 

845 
4.094 
1.246 
4.272 

47S 

Geneseo  (approx.).  .  . . 

York  (approx. ) 

Rochester          

158 
131 

Johnson     and     Sey- 
mour Dam 

Upper  Falls 

Middle  FaUs 

Lower  FpUs 

19 
92 
28 
96 

500 
2.427 

731 
2,533 

. 

264 

31,788 

29,876 

22,397 

15,677 

11,747 

0.961 

Total 1I8.44* 

Average 19.738 

Average  6  mo.=  264x74.782=  19.738. 

The  storage  adds  an  average  net  24-hour  7-day  power  of  19,738  h.  p.  for  dryest  6 
months,  providing  each  of  the  above  heads  or  falls  Is  fully  used. 

The  above  if  used  mostly  in  ordinary  working  hours  or  under  a  40  %  load  factor  wouU 
amount  to  nearly  50,000  horse  power. 

Above  is  based  on  (mln.  flow  in  average  year  at  Rochester  of  1,900  c.  f.  s.),  or  llJS 
inches  stored  and  released  at  Portage. 

(800  c.  f.  8.  for  entire  year  is  equivalent  11.44*  on  watershed  959  sq.  miles.) 

Genesee  River  Storage  (Second  Stage),  Portage  Reservoir. 

Increased  power  at  present  Genesee  River  Plants  if  constant  flow 
of  7()0  +  lOO=-800  c.  /.  s.  be  draxcn  from  Portage  Reservoir. 
Drainage  area  at  Portar}e=9o0  sq.  miles.  1-inch  run-off  j>er 
month  from  950  sq.  miles 

95:;x5'J80x52S0x  .  0.s;i3 

= =  839.2  cu,  ft.  per  sec. 

30.44x24x360:) 


Nuuibor 

of 
month 
in  order 

of 
dryne.ss. 


Probable 
name 

of 
inonlh. 


Averaj^e 

yi«'l(l  iM-r 

.sciuare  mile 

of  watershed 

in  inches. 


Avera^'e 

natural  yi»'ld 

at  PortaKe 

:-.  f.  s.      9A0 

square  mile.s, 

\  839.2. 


Iletjulated 

Yield 
(7(H)  +  100) 

c,  f.  s. 


Increa«^d 

flow  in 
river  below 

due  to 
regulation. 


24-!iour  7-d»T 

I  horse  rK>wfr 

of  increased 

flow  OR  1 

foot  fall 

at  7:>%eff 

X.OSOl. 


10... 

w... 

12.... 


Sept. 
A  up, 
July 

Oct. 

June. 

Nov. 


Dec. 
Jan. 
Feb. 

May 
April. . 
March 


0 .  232 
0 .  273 
0 .  432 

0 .  r.7o 

o.e.vj 

0.761 


1.022 
1 .  233 
1 .  628 

1.912 
2  489 
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229 
363 

483 
5o3 
639 


8o8 
1.03.-. 
1,366 

1.604 
2 .  089 


800 
800 
800 

800 
800 
800 


800 
800 
800 


60  :> 


317 
247 
161 


4Si.< 
37.1* 

26.9: 
21  ^l 
liJ-TiJ 


.  338 
—58 
-23. >     =. 
-566 


6  \m_^ 

•3vi.li 


W.T^l  \  \v.     \.^'^^ 


800   I  —804 

800         — 1.289 
800   I      —2,151 

\     — xi  A^"^ 


♦Xvetafte.  lox  s\^  u\vi\\V\\^i. 
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Genesee  River  Storage  (Second  Stage)  Portage  Reservoir. 

Increased  power  on  present  Genesee  River    Plants  if  constant  -flow 
of  700+100=800  c.  /.  «.  be  drawn  from  Portage    Reservoir. 


Work- 
ing 
head. 

Added 

in  dryest 

month. 

2d 

3d 

4th 

5th 

6th 

Mt.  Morris 

18 
6 
5 

927 
309 
257 

978 
4,736 
1.441 
4.942 

874 
291 
243 

923 
4.469 
1.360 
4.664 

669 
223 
186 

706 
3.421 
1.041 
3.569 

485 
162 
135 



512 
2.4.S2 

755 
2.5S0 

378 

0A7 

Geneseo  (approx.) 

York  (approx.) 

Rochester 

126                 83 
105                 68 

Johnson  and  Seymour 
Dam 

19 
92 
28 
96 

31)0  i            260 

UoDer  Falls     

1  1)34           1   260 

Middle  Falls 

5S9               384 

Lower  Falls 

2  018           1   315 

264 

13.590 

12.824 

9.815 

7,120 

5.549 

3.616 

Total  52.514  Average  33.155  x264=8.752. 

'  Or  the  storage  adds  an  average  net  24-hour.  7-day  horse  power  for  six  dryest  months  of 
S.752  H.  P..  if  each  of  above  falls  be  fully  utilized.  If  conci-ntratrd  in  ordinury  working 
hours,  or  under  a  40  %  load  factor,  this  would  amount  to  about  22.noo  horse  power  added 
to  the  present  resources  of  the  stream  over  and  above  what  is  added  at  the  new  [x  \vt  r  site 

Flood  Control  by  Genesee  Storage  Kesekvoir. 

The  chief  piurpose  urged  heretofore  in  i)roi)Osing  the  construction  of  great 
storage  reservoirs  on  tlie  Genesee,  first  near  Mt.  ^forris  and  later  at  tlie 
Portage  site,  has  been  tlie  protection  of  the  city  of  Ilochester  and  tlie  broad 
flat  valley  of  the  river  lying  between  ^It.  Morris  and  Rochester  from  the 
severe  floods,  which  from  time  to  time  have  inundated  and  endangt^rcd  a 
large  portion  of  the  city,  but  in  the  report  presented  by  Mr.  Ilafter,  in  the 
Report  of  the  State  Engineer  for  189G  and  as  subsefjuently  presented  in  the 
volume  on  the  Hydrology  of  New  York  in  1905  and  in  sundry  other  publica- 
tions, great  stress  has  also  been  laid  upon  the  increase  of  water  power  at 
sites  within  tlie  city  of  Rochester,  already  developed  and  owned  by  private 
corporations,  that  would  also  result  from  the  use  of  those  reservoirs. 

The  great  floods  from  which  Rochester  has  sulTered  most  severely  occurred 
on  the  dates  named  below  on  pa^i^  100  and  1!»7.  The  feature  now  of  s|)ecial 
interest  is  that  these  floods  have  occurred  in  sj»ring,  summer  and  autumn,  in 
every  month  except  August.  So  far  as  I  can  learn  the  estimates  of  cubic 
feet  per  second  flowing  given  on  this  page  and  the  next  arc  very  rough. 


Data  From  Report  of  Rochester  Flood  Commission  of  1905. 

1902,  July  5th  to  9th.  From  a  heavy  rainfall  on  ground  saturated  by 
previous  heavy  rains.  Precipitation  July  Gth  at  Angi^lica  4.5  inches.  Flood 
above  Portage  "  heaviest  ever  known."  Maximum  rate  of  flow  at  Mt.  ^lorris 
probably  40,000  cubic  feet  per  second.  Maximum  rate  of  How  at  Rwhester  only 
about  20,000  cubic  feet  \)cr  second.  (Jreat  loss  of  growing  crops  in  Genesee 
Valley  due  to  flooding  over  flats. 

1002,  March  3rd,    Mainly  from   melting   snow,    T^AtvV  tbl\xvI«l\\  \tv  •?>  ^^^^ 
previous  about  1  inch.     Less  than  niaxinium  rate  oi  iVow  at  'Roc^WisVct,  ia>awx\. 
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38,000  to  40«000  eobio  feet  per  eeoond.    Some  eellen  flooded  sad 
overflow  in  vsrloui  ports  of  eitj. 

18Mk  AprU  4Xk.  Afufanmn  rate  of  flow  at  Boehetter  80,000  to  Ujm 
enbio  feet  per  eeeond.  Some  cellars  la  Roehester  flooded.  Flats  in  TsDif 
from  Roehester  to  above  Mt.  Morris  covered.  ' 

1804,  May  20tli  to  23rd.  Maximum  rate  of  flow  at  Mt.  Morris  42jlM 
enbie  feet  per  second.  MJudmum  rate  of  flow  at  Bodwster.  81.000  enfaie  iMt 
per  second.    Flats  between  Mt.  Morris  and  Bodiester  flooded. 

1800,  Sept.  10th  to  13th,  Maximum  rate  of  flow  at  ML  Mania  fOylOO 
enbic  feet  per  second.  From  3  P.  M.  of  10th  to  0  ▲.  ic  of  14th,  no  Isss  thss 
8.5  billion  cubic  feet  of  water  passed  Mt.  Morris: 

1880,  June  1st.  Day  following  the  Johnstown  flood*  water  awmr  tlia  flsli  st 
Avon,  Rush,  etc  Maximum  rate  of  flow  at  Rochester  not  alioTe  80JNIO  srfle 
tost  per  seeond.    Little  or  no  damage  dmie  at  Rochester. 

1875,  March  16tili.  Ice  gorge  at  Clarissa  street  bridge,  Rooliester.  ssttfav 
water  bsck  in  Erie  canal  and  flooding  certain  districts.  Msadmnm  rats  cf 
flow  at  Rochester  not  above  25,000  cubic  feet  per  second,  except  for  aa  hosr 
or  two  during  passage  of  ice  gorge,  when  it  may  have  reaehsd  Z5J0QO  edkk 
fM  per  second.    Most  eerious  flood  ever  known  at  Roehester. 

1865,  March  17th  to  20th.  Long  continued  oold  weather  sad  heavy  asr 
fall  followed  by  a  sudden  thaw  accompanied  hy  tain.  Nearly  the  entire  e«- 
tral  portion  of  Rochester  put  under  water  and  damages  probably 
$1,000,000.  Maximum  rate  of  flow  at  Rochester  estimated  at  54,000 
feet  per  second. 

1857,  February  8th.  Flood  occurred  which  carried  away  piers  of  Mais 
street  bridge. 

1835,  October  23rd.  Greatest  flood  ever  known  up  to  this  time.  Water 
on  the  Genesee  flats  6  to  8  feet  deep.  Maximum  rate  of  flow  at  Rochester 
estimated  at  36,000  cubic  feet  per  second. 

1813,  June  20th.  Rained  for  three  or  four  days  about  June  16th  to  18th. 
and  on  June  19th,  rain  fell  in  torrents.  *'  Seldom  had  such  a  storm  been  wit* 
nessed  in  the  country."     Colonel  Rochester's  sawmill  carried  away. 

"  From  1866  to  1902,  a  period  of  thirty-seven  years,  no  seriously  destructiT* 
flood  occurred  at  Rochester,  although  there  were  several  at  Mt.  Morrit* 
(p.  69,  H.  Com.  Rept.).  Immunity  at  Rochester  was  mainly  due  to  storage 
over  the  flats  above  Rochester  and  lack  of  heavy  rainfall  at  the  critical  time. 

The  Rochester  Flood  Commission  of  1905,  concluded,  p.  68,  **  Sometime 
there  may  be  a  flood  of  at  least  60,000  cubic  feet  per  second  at  Rochester." 

Concluswns  Regarding  Gcncsce  River  Floods. 

1.  Serious  freshets  cnused  by  heavy  rainfall  may  occur  at  Rochester  and 
over  the  Genesee  flats  between  Rochester  and  Mt.  Morris  at  any  time  from 
March  to  October  inclusive. 

2.  Twice  in  the  past  century,  once  in  March,  1805,  again  in  July,  1902, 
the  rate  of  discharge  at  Rochester  has  boon  greater  than  existing  river  channel 
could  safely  convey  and  large  areas  within  the  city  have  been  inundated, 
particularly  in  1865. 

3.  The  widespread  inundaUoiv  aivii  ^t^^iV  ^cim\^^  ol  1^65  were  caused  hy  • 
Sood  of  much  smaller  \o\ume  Omlh  \^  \\Vt\^  \»  wi<sN«  ^\.  ^to&  VqScvss%  "tea 
under  a  combination  of  tYic  cauae%  NvV\e\v  Vv;^  V^T^'w^lot^  ><kVOk«^.  V>s«.^«fl6wifc 
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period  come  singly,  such  as  exceptionally  heavy  rainfall   on  ground  previ- 
ously saturated  or  rendered  impervious  by  frost. 

4.  The  gagings  of  rate  of  flow  have  apparently  been  somewhat  crude  and 
inexact,  but  accepting  the  quoted  estimates  as  correct,  it  appears  that  a 
rate  of  discharge  at  Rochester  greater  than  40,000  cubic  feet  per  second 
causes  great  damage,  with  danger  of  greater  damage  than  has  heretofore 
occurred,  as  for  example,  if  a  jam  of  trees,  ice  or  debris  should  occur  in  the 
archways  of  the  bridges  at  Rochester. 

5.  Floods  giving  rate  of  flow  of  20,000  cubic  feet  per  second  at  Rochester 
may  submerge  large  areas  of  the  flats  between  Mt.  Morris  and  Rochester. 

6.  A  flood  rate  which  measures  40,000  cubic  feet  per  second  as  it  passes 
Mt.  Morris  may  become  ro  mndifled  by  spreading  out  over  these  flats,  by  its 
temporary  storage  and  delay  thereon,  that  notwithstanding  the  drainage  area 
at  Rochester  is  2.3  times  as  great,  the  rate  of  discliarge  in  cubic  feet  per 
second  at  Rochester  may  be  only  about  half  as  great  as  at  Mt.  Morris. 

7.  The  project  for  flood  relief  on  the  Canaseraga  flats  by  straightening  the 
channel  has  not  yet  been  studied  by  means  of  recording  gages  on  the  Grenesee 
and  its  main  tributaries,  or  with  precision. to  show  just  what  bearing  quicker 
drainage  for  local  relief  this  will  have  upon  the  rate  and  height  of  flood  dis- 
charge at  Rochester  and  on  the  flats  immediately  above,  and  in  absence  of 
precise  data,  I  venture  no  opinion  on  tliis  question.  It  is  believed  by  those 
who  promoted  this  project  that  this  cutting  of  a  new  channel  and  straighten- 
ing the  Canaseraga  will  liasten  the  transit  of  the  Canaseraga  water  and 
get  it  out  of  the  way  largoly  before  the  flood  flow  from  above  PortageviUe 
arrives. 

According  to  the  Portage  or  the  3txt.  Morris  storage  reservoir  projects 
presented  in  the  State  Engineer's  Reports  of  1896  and  1895,  respectively,  it 
was  proposed  to  discharge  the  water  from  the  storage  reservoir  at  such  a 
rate  as  would  produce  a  substantially  uniform  flow  of  water  for  power  at 
Rochester  throughout  the  year.  This  reservoir,  about  100  feet  in  total  depth, 
would  ordinarily  be  filled  to  overflowing  in  April  and  in  years  of  ordinary 
rainfall  would  have  become  drawn  down  only  a  few  feet  by  the  date  of  July 
6th,  on  which  date  the  great  flood  .of  1902  occurred,  and  if  the  proposed  Port- 
age reservoir  be  operated,  according  to  the  schedule  plainly  proposed  on  page 
713  of  Mr.  Rafter's  report  of  1800,  this  storage  reservoir  thus  conserved  for 
power  supply  would  have  been  so  nearly  full  on  the  occasion  at  least  of  some 
of  the  great  floods  of  March  2,  1902;  April  4,  1890;  March  20,  1894;  June  1, 
1889;  March  16,  1875;  March  17,  1865;  June  20,  1813,  that  it  could  have 
served  only  partially  to  retrain  and  lessen  the  flood  at  Rochester  or  in  the 
valley  below  Mt.  Morris. 

Higher  Dam  and  Deeper  Reservoir  Now  Proposed. 

I  have  therefore  as  a  first  study  proposed  to  build  the  dam,  say,  ten  feet 
higher  and  to  reserve  ten  feet  or  twenty  feet  at  the  top  of  the  reservoir, 
where  its  area  is  greatest,  solely  for  flood  relief,  with  a  strict  rule  that  the 
reservoir  should  after  a  flood  be  emptied  as  rapidly  as  the  river  channel  could 
carry  ofT  its  water  without  overflowing  the  banks  until  the  reaervQvc  \% 
drawn  down  to  this  j)owor  level,  ten  or  twenty  icct  YseVo'^'  Wve^  ^\|V\^^'^  ^^^sJv.'* 
go  that  the  emptied  portion  of  the  reservoir  B\\o\\\d  ft\.a,tv^  t^^^^  ^.<^  x^^Jvx'a.v^ 
whatever  rainfall  of  dangerous  proportion  might  come  ne^V. 
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The  predM  depth  to  be  thne  reeerred  i6r  flood  eoBtrol«  whether  tea  feet  m 
twentj  tet  or  more,  hai  not  been  worked  out*  for  I  eoneidfar  ouuij  wan 
data  and  obeerratione  all  aloqg  the  flooded  region  are  flret  deelraUe. 

It  would  be  well  worth  the  eoet  to  inetall  and  mafatain  a  eeriee  of  at  keift 
elx  eelf-reoording  river  stage  registers — one  at  Bocfaeetei',  one  at  Mt.  Merri^ 
oue  at  Fillmore,  one  near  the  npper  end  of  the  Osaaseraf  &  Valleyy  aai 
two  at  intermediate  points  —  by  which  the  relative  time  of  paeeing  of  tki 
flood  wave  oonld  be  obeisrved  and  permit  of  a  more  eomi^ete  etndj  of  the  png- 
rose  of  the  flood.  In  the  abeenee  of  soeh  6beerTation%  estimates  are  nneertaia 
abont  the  precise  effect  on  flood  heights  of  the  qniclaBned  flow  on  the  Csae- 
eeraga  or  the  retarded  flow  above  Portage,  save  that  it  ie  anre  bsffoei 
question  that  all  detention  of  flood  water  behind  the  Portage  dam  wmid  sli 
materially  in  flood  relief  below  Mt.  Morris  and  also  in  the  Oaneesrsgi 
Valley. 

It  appears  from  the  report  of  the  Flood  Commission  of  1M2  that  thi 
solution  of  the  problem  of  flood  control  at  Rodiester  was  by  no  means  fe^r 
'  worked  out  or  even  attempted  by  its  members.  They  chiefly  ooUeeted  ea« 
facts  as  to  what  hadrhappiBiied;ji3Us.  is  a  large  and  many-eided  problem  aal 
requires  more  snrveyingaad  yori:Stndy  of  local  oonditiotts  than  I  have  bsei 
able  to  give. 

The  widespread  destruction^ and  danger  likely  to  follow  a  repetition  el 
vueh  floods  as  hayp'«a]jree||g^  ocoixnred}  or  the  far  greater  flood  whidi  plaial|f 
Is  likely  to  come  at'sOBit'Tafure  time,  warrant  the  expenditure  for  faSIf 
studying  this  problem. 

Plan  of  Pobtage  Works  Pboposi:^). 

Tlie  main  features  are  as  shown  by  the  plans  on  plates  22,  23*  and  24. 

First.  A  dam  three-fourths  of  a  mile  upstream  from  the  upper  Genesee  Falli, 
entirely  outside  the  limits  of  the  land  purchased  by  Mr.  Letchworth,  and 
forming  a  part  of  the  Genesee  Park.  This  U  made  of  an  arched  fom 
resting  on  solid  ledge  abutments,  for  strength  as  well  as  for  better  architec- 
turnl  efTect.  An  exceptionally  long  spill  way  is  provided  at  the  westerlj 
end,  so  that  the  greatest  flood  may  be  discharged  with  a  small  increase  is 
height  of  reservoir.  ] 

The  height  of  dam  i^  proposed  at  an  elevation  ten  feet  greater  than  that    ' 
propc«e:l  by  Mr.  Rafter,  in  order  that  there  may  be  a  greater  reserve  avail- 
able for  flood  control,  in  case  a  flood  should  occui  while  a  large  volume  wis 
being  held  in  storage  for  power  purposes. 

Second.  Sluiceways  are  provided  in  this  dam,  such  that  any  desired  quantity 
may  be  withdrawn  for  scenic  purposes  over  the  Genesee  Falls.  The?^  sluice- 
ways would  also  serve  for  rapidly  lowering  the  water  in  the  reseivoir  to  t 
depth  of  about  ten  feet  below  the  spillway  level,  immediately  after  tla 
peak  of  a  freshet  on  tlie  main  river  had  passed,  so  as  to  prepare  storage  spact 
in  the  top  of  the  reservoir  as  soon  as  possible  against  chance  of  a  second  flood. 

The  dam  is  to  be  of  concrete,  and  except  for  the  addition  of  the  arched 
form,  is  proporcd  to  be  of  substantially  the  same  type  as  those  recently 
designed  for  Xew  York  cUy'a  \vaV<iT  s>\\»\A^  «X  K^XxoVva.  w\d  Kensico. 

The  elevation  of  these  8\\uce\\«i\a  ^w^  ^.>ftft  ^A^n^Wotw  ^\  V\sft  Vq\x^^  \ft  ^ 
proposed    powei   tunnel,  are  to  \se  a^^-  ^  >^^^>^  '^^^'^  "^"^^  ^^vq^vt  ^-wasKNa 
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tmptied  below  elevation  1,120,  thus  leaving  at  all  times  in  view  from  the  dam 
a  lake,  half  a  mile  or  more  in  length  upstream  and  of  substantially  the 
full  width  between  the  bluffs,  this  reserve  being  provided  for  as  a  pleasing 
foature  in  the  landscape  and  with  no  noteworthy  detriment  to  the  storage 
reserves  for  power  and  flood  control.  The  intake  for  the  proposed  power  tunnel 
to  be  at  a  still  higher  level,  so  as  to  cause  a  reserve  in  even  the  most  severe 
drought  sufficient  for  a  flow  of  from  100  to  200  cubic  feet  per  second  during 
the  hours  of  daylight  for  about  100  days,  which  cannot  be  withdrawn  for 
power. 

Two  alternative  sites  for  a  power-house  have  been  surveyed,  both  of  which 
•re  downstream  from  the  lowest  limit  of  the  I^tchworth  Park.  Up  to  the 
present  time,  study  has  been  mainly  concentrated  upon  the  one  farthest  down- 
stream, since  this  promises  much  larger  power  and  greater  ultimate  economy. 
This  is  about  three  miles  down  the  course  of  the  liver  from  the  lower  fall 
and  fair  b^ond  the  limits  of  the  park. 

At  this  lowest  site,  the  river  level   is  about  elevation  665,   and   as   the 
ordinary  working  level  in  the  proposed  great  lake  above  Portage  would  be 
.  about  1,100,  the  gross  fall  is  525  leet. 

_  This  is  about  00  feet  greater  th^n  the  gross  fall  available  at  the  alternative 
■ite  one-half  a  mile  downstream rfiom  the  lower  falls,  but  a  part  of  this 
difference  would  be  lost  by  frictloh  in  the  greater  length  of  tunnel. 

The  intake  for  the  proposed  tunnel  is  about  three-fourths  of  a  mile  away 
from  the  dam  site,  going  easterly  along  the  north  shore  of  the  basin,  and 
the  tunnel  nowhere  runs  within  about  half  a  mile  of  the  outside  limits  of 
the  Glen  Iris  Park. 

This  tunnel  is  proposed  to  be  of  about  15  feet  in  diameter,  and  although 
borings  along  its  course  have  not  yet  been  made,  it  appears  probable  from  a 
study  of  the  outcrop  of  ledge,  that  by  keeping  the  tunnel  level  down  nearly 
to  the  power-house  elevation,  excellent  rock  will  be  found  all  the  way.  An 
exceptional  structure  for  a  surge  shaft  is  proposed  at  the  downstream  end  of 
this  long  pressure  tunnel. 

Much  study  has  been  given  to  its  design,  and  it  is  believed  that  by  use 
of  the  form  designed  all  trouble  in  governing  the  speed  of  the  turbines  or  in 
troublesome  waves  in  the  long  conduit  or  in  waste  of  water,  can  be  avoided, 
and  that  the  full  reservoir  head  can  be  made  available  for  power,  less,  of 
course,  the  friction  loss. 

YiKLD  OF  Drainage  Area  Above  Portage,  With  Storage. 

The  drainage  area  above  Portage  contains  substantially  the  same  number 
of  square  miles  as  that  above  Conklingville,  but  yields  much  less  water, 
because  of  the  rainfall  in  this  region  being  smaller  and  also  because  of  the 
proportion  of  the  rainfall  lost  by  evaporation  being  larger,  due  to  the  general 
deforestation  of  the  country  for  agricultural  purpa^es. 

A  careful  study  of  the  rainfall  records  and  of  the  gaglngs  of  stream  flow, 
made  by  the  mass  curve  method  as  already  described,  indicates  that  the 
mean  flow  of  water  available  for  power  purposes  after  making  a  reservation 
for  scenic  purposes  at  the  Genesee  Falls,  will  be  only  about  one-half  as  great 
as  at  Conklin<;vi11e. 
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On  th*  otlmt  haoa,  the  foil  of  w«tf^  14  more  th^n  tiri^sp  as  ST««t,  witi  • 
rtfult  that  the  total  output  of  elertrkal  power  from  ihm  l^rtage  mtrra 
ATmlUble  for  d»li%Tery  At  Ri^liefter.  Mount  Motrin  of  L*ltcwbe^re  within  ft  niiti 
of  ftftf  or  8*veiitr-av«  mi\^,  la  BomewhAt  gri*«t«fr  tium  tliat  aTailaUr  iftm 
tlm  prt»F^ied  Siu:iiiidAg&  power-botse. 

At  the  PoTta^e  T^servoir  a&  in  tlie  eitM  of  tUe  Stf^cfui^A^  rvwrtYnirp  it  ii 
n^t  m  wttxxsmir  thtX  the  tunnel  aad  fOwmr-hAvts^  be  bttlU  at  Ihe  Mune  tinw  li 
th(f  d&m  and  storage  reserroir^  They  ftrnlil  be  Ivttitt  fii^  or  t^ii  or  tirc«t| 
year 3  later  ot  wheuever  deeired^  and  meanwhile  t!ie  State  could  utilise  lit 
slomge  r«»erToir  for  the  lucreaM  of  prei^ttt  wmttr  poirers  at  Mottnt  Mvrte 
end  RoeJieater  under  &  proper  payment^  and  to  ft  V9ry  note  worthy  ext^  tht 
reservntj  would  mean  while  ulso  mrve  for  flood  eaotrol,  and  during  thi^  pirM 
whilii  9(>  usedf  oil  the  wftter  of  the  tiy^r  worth!  pftft*  OT^t  the  Genesee  Ftikt 
ftnd  tb<?  volitma  ftowbg  over  the  falls  rhirlii^  the  Tiiefttian  or  tcniTiftl  itaiw 
fruiij  JuJy  fir^^t  to  Ocloh^r  fir^tf  nould  bo  fftr  jfreftter  Ihatt  uniier  priJinf 
condjiimss* 

Oir  ^atlmfttei  hf  the  tnaaA  «iiTTe  nMthod  ft«  filttMMtT'  doMribed^  sod  ita- 
sotrws  consiiicftttioii  of  the  conditions  that  ajf&£*teid  tlic  •eniracy  of  the  «tiesi 
fiow  )£Agmg%  fthow  thftt  ft  total  ykxld  of  900  cutiir  f«et  per  *eeoiid,  twipat|4ivr 
houri  per  day^  iereu  djiyt  in  th«  week,  m»r  be  relied  on  througfiont  fma$ 
aa  dry  n^  1395,  and  a  ttudy  of  the  rftUifal!  ret-ordft  Indieittee  that  ao  fett* 
of  i mailer  rn-lnlslJ  or  smaller  stre«m  flow  than  1305  ha£  oeeuTTed 
Geneiiee  river  during  the  historic  period. 

EsTiiiATE  OP  Power, 


1 


The  power  that  the   storage  would  add  at  Mt.  Morri«  ajid   Boche^ter  Bil 

bpt-n  already  e?»U mated  on  page  1¥>4. 

The   power  tluat  could  be  made  nvailwhle  in  the  projected  Portage  pow*- 
house  at  aite  B.,  tlm  lower  vite,  is  estmmted  am  foHowt: 

Ordinrtrj'  or  mean  level  in  reservoir , «         l^lOfl  M> 

Water  level  at  tailrace , 665    " 


Oitjas  fall.  .  .   , fi£5    " 

Tunnel  about  Z%  mi  lea  In  length  or  about  20|000  feet. 
Probable  average  loss  of  head  in  tunnel,  etc.,  not  over , .  ,  * 15  f«tt 


OrdiiMiry  net  fall , , SID    ^ 


To  be  iafe  caH  thia  5m  feet. 

If  average  »vailahle   flow  ^  in  a  series  of  dry  yeajrs  after  allow  mg  wat*f 
for  scenic  purjjoses  as  described  oii  p.   188  is  750  c.  f*  a,  the  power  will  ^ 

, . ^—,    ahu   32,000  net  twenty-four  hour,  seven-day  hor^*^  J 

doit 

power. 

With  a  load  factor  of  40  per  cent.,  this  becomes  for  use  in  ordinary  woc^' 

ing  hours,  80,000  mechanical  horse-pow**"  --  ♦he  turbine  shaft. 
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At  05  per  cent,  efficiency.  Hub  would  f^eneraie  56,800  kilowatts,  and  at 
M  per  cent,  efficiency  of  conversion  and  transmission,  this  would  deliver  at 
tkt  eoBBumers  end  68,000  horse-power  in  ordinary  woikinf;  hours  for  manv- 
fkcturing  purposes  throughout  a  dry  year;  with  a  larger  diversion  of  water 
ior  loenie  purposes  at  Genesee  Falls,  the  yield  of  power  would  be  conespond- 
falgly  less;  700  eubic  feet  per  second  would  yield  63,500  horse-power. 

Since  as  already  stated,  the  estimates  of  flow  of  river  are  probably  some- 
what low,  it  appears  entirely  conservative  t^  speak  of  this  project  as  capable 
of  yielding  32,000  horse-poNver  of  twenty-four  hour  seven-day  power  on  turbine 
■baft,  or  of  delivering  65,000  horse-power  to  consumers  under  a  40%  load 
laetor. 

Co^STRtJcrnorT  Proposed  for  Portage  Dam. 

Ths  aeeompanying  drawings  show  the  general  characteristics  of  the  struc- 
tarn  preposed  so  fully  that  little  further  description  is  necessary. ' 

A  ajMiem  of  drainage  for  the  interior  of  the  dam  is  provided,  consisting  of 
a  aerifli  «f  wells  about  two  feet  in  diameter  spaced  about  fifteen  feet  apart, 
liii^  from  near  the  bottom  to  above  the  water  level  and  communicating  with 
galleries  at  top  and  bottom,  all  ordinarily  closed  to  circulation  of  air  but  ar- 
jBngjbd  so  that  access  could  be  had  for  inspection.  These  wells  would  be 
fanned  by  molded  blocks  of  porous  concrete  imbedded  as  the  building  of  the 
dun  progresses.  They  are  spaced  a  substantial  distance  back  from  the  water 
fan  and  intended  to  intercept  any  of  the  little  leakage  that  is  likely  to  seep 
thnMigh  concrete  under  great  pressure,  here  and  there,  however  great  care 
ki  taken.  The  purpose  of  intercepting  this  is  to  prevent  possibility  of  stresses 
•f  hydrostatic  uplift,  particularly  when  escape  of  moisture  from  outer  face 
might  be  sealed  by  frost.  This  dryness  of  outer  face  tends  to  its  durability 
uder  frost  action  and  avoids  the  unsightly  appearance  and  discoloration  due 
vater,  often  seen  on  high  masonry  dajns. 

The  sluiceway  gates  are  planned  on  the  Venturi  principle  in  a  novel  man- 
Mr  in  order  to  save  in  cost,  to  make  them  easier  and  quicker  to  operate  and 
ia  order  to  qniet  the  discharge. 

It  it  proposed  to  operate  them  on  the  hydraulic  press  principle,  obtaining 

tki  presfure  from   the   reservoir.     Since   gates   operating  under  a   head  io 

peat  ai  given  by  the  full  reservoir  and  without  back  pressure  are  liable  to 

L     ihif tiling  or  to  destructive  vibration,  a  special  design  of  gate  valve  is  pro- 

I     piisd  in  which  it  is  believed  quiet  action  can  be  secured  by  avoiding  pro- 

1.     iMting  lips  and  by  supporting  the  seat  in  a  novel  manner. 

W       Iks  outer  base  of  the  dam  is  to  be  shielded  from  extreme  temperature 

V    taiit   or   frost   action    by   blanketing   it    with    earth   and    riprap,   and    a 

M    ndded  base  course  is  planned  for  architectural  effect. 

There  !■  an  admirable  opportunity  to  build  the  spillway  channel  on  such 
Mrity  and  with  such  a  steep  slope  that  its  gorging  by  ice  or  by  flood 
'Ml  will  he  impossible  and  that  the  destructive  energy  of  the  great  volume 
^i>Ue  to  eome  through  it  in  a  great  freshet,  can  be  largely  absorbed  by  eddies 
■  viter  eashicms. 

^  it  should  later  be  deemed  allowable  to  build  at  the  more  economical 
■Answer  the  upper  falls  within  the  park  limits,  proposed  by  Mr.  Rafter 
^■M  rsoommend  adherence  to  the  general  design  s\\o\ni  \ti  Wife^fe  ^x^.-*^ 
••tter  than  the  earlier  doaigna. 


Sctnic  Interett  Alm%ff  S^ete  Itailroad  Locution. 

'the  new  loeation  selected  for  the  rnilroii/l  in  elimVmg  to  the  liigher  I-  / 
mbove  the  proposed  reseivoir,  \%  desifrned  lo  preserve  aU  tlie  Bcenic  mtt:rv=i 
of  the  present  line  ftjid  take  a,  (bourse  such  thnt  Ihi?  bc^^t  poaaible  view  of  tin 
dam  and  the  lake  and  of  the  mitflo^  fn  time  of  flooil,  will  be  had  from  t^ 
trains.  Those  who  must  hurry  on,  eis  wsll  »9  those  who  eafi  stop  orer  a! 
Portag«,  should  have    opportunity  to  enjoy  this  beautiful   seenerjr. 

CiUAiLGTEB  OF  StniSTBATA  AT  T>it?f  HtM  m  PoaTAOE:  Basik. 
In  the  seal  of  certain  estimable  nien  wnthout  engineering  ecsEperience  it 
prevent  any  encroach  meat  whatever  upon  the  bcantiful  Leteli  worth  Part, 
itatementa  have  been  made  that  a  part  of  the  rim  of  tlie  proposed  baam  or 
reservoir,  lying  about  three-fourthg  mil©  ^  estcrly  ^  from  the  proposed  «Ura 
flite,  ia  composed  of  dangerona  quicksamL  The  ha  si:*  for  tbi^  fitateTi*mt  n 
tliat  f^togle  study  shows  the  river  once  ran  through  a  (ti Cerent  channel  froD 
that  now  oocnpled,  a  deep  gorge  now  deeply  5 tied,  and  there  is  a  ^\s^ 
shift!  tig  bank,  over  which  the  Pennsylvania  railroad  run  a,  clo$e  beaiik  U« 
present  river  gorge  £ind  about  a  mile  distant  from  the  locality  in  cps^c^ 
but  apparently  on  the  Hoe  of  the  same  ancient  channel.  Another  1mi^>  ^l^ 
thie  idea  is  found  In  the  statement  that  year  a  ago  ttie  rnilraad  ahand«>nrd  i^* 
attempt  to  tunnel  through  the  narrow  portion  of  the  rim  in  question  b^^mic 
of  finding  quicksand*     Ail  this  evid<?ncG  is  plainly  nonconelosive. 

I  have,  therefore,  given  special  attention  to  this  matter  of  the  safety  of  ili 
rim  of- the  basin  by  having  tbe  i^ound  carefully  contoured  and  by  haviaf 
numerous  deep  test  borings  made  a!  many  points  aeattered  over  thi^  sm*U 
area  of  debatable  ground.  The  aliding  bank  of  fine,  wet  sand  and  diy 
nearer  th^  river  bf  s  also  been  studied, 

.  Ours  are  the  first  boringa  known  to  have  ever  been  mad^  for  aetnallx 
finding  ont  what  tbe  truth  is  about  tbe  substrata  in  this  locality  itear  tli 
rim  of  the  basin, 

A  line  for  borings  was  laid  out  as  nearly  as  practicable  at  the  thiBHt 
point  in  the  natural  rim  of  the  basin,  located  about  three^fotirths  mile  nort^ 
east  from  tl^  dam  site.  Four  holes  were  bored  at  the  locations  shown  « 
Plate  No,  21,  Tbe  precise  locations  were  controlled  somewhat  by  tit 
location  of  road  and  ownership  of  land,  so  they  vary  a  little  to  one  *i3l 
from  tbe  shortest  line.  The  boles  fl'cre  placed  in  the  gully  along  the  1Sm 
of  supposed  weakness,  pointed  out  to  the  Comniiaaion  at  the  tim«  of  ita  vbit 
The  boringa-  were  made  under  a  foreman  experienced  in  test  horing^  aid 
check  records  were  kept  by  one  of  the  asflii*tant  engineers.  Bed  rock  was  not 
reached  in  any  of  these  holeiij  although  the  deepest  was  150  ft.  deep  to  etef* 
tion  1084, 

In  gencinl,  the  samples  were  washed  up  and  caught  in  a  tubv  and  altboiig^ 
some  care  to  avoid  loss  of  the  finest  particles  was  taken,  this  method  im^ 
to  exaggerate  the  porosity.     A   few  '* drive  samples"  were  taJten  from  so«t 
of   the   later   bole-*,   and   these   are    unmistakably   a   hard,   caking,    blue  clay* 
Samjdea  were  taken  at  each  Ave  feet  increase  in  depth,  when  adding  eaA 
length   of   caslnj;,   but   after  examining   and    making   record,   were    not    pie^ 
served  unless  a  change  of  material  was  met.     Samples  were   preserved  for 
jeference  from  each  day's  work,  b^M  Irom  each  ehanfie  in  material*     Dai^ 
repoTH  were  sent  in  by  tA\e  At\\\  loietfiaT^. 
Every  one  of  these  deep  samples  cohcmts  \1^  stvo\c%tv^  «xttTfni«y|  ^^,,  ^\»i^ 
i^ined  impervious  material    v^ell  adapted  to  ^^^^^^^^  ^^^^ 
ment.  consUeHnfj  the  greaX  horizontal  thv^lcness  o1  t>.e  ^twr^^^ 
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The  drill  foreman  followed  popular  terminology  in  classing  the  deep 
samples  nearly  all  as  "  blue  clay,"  but  the  material  also  partakes  largely  of 
the  characteristics  of  an  extremely  fine  sand,  or  "  rock  flour." 
.  From  the  topographic  sheet  plate  No.  19a  it  will  be  seen  that  the  thickness 
at  water  level  at  narrowest  point,  on  proposed  flow  line  at  elevation  1,210  is 
1,800  feet.  On  the  section  shown,  Plate  21,  it  is  2,200  feet.  With  water 
down  25  feet,  tlve  horizontal  distance  is  3,200  feet. 

The  rise  of  the  natural  ground  above  proposed  high  water  in  the  reservoir 
18  about  100  feet  and  the  thickness  of  the  natural  dam,  having  this  great 
super- elevation  is  about  500  feet  at  its  thinnest  point. 

The  ground  water  does  not  sink  down,  but  the  surface  water  comes  out  to 
edge  of  steep  slopes  alwve  the  proposed  high  water  level  on  the  downstream 
side,  at  elevation  1,220,  or  comes  out  at  elevation  1,215  on  the  reservoir  side. 

Substantially  everywhere  below  the  proposed  high  water  level  in  the 
reservoir,  the  material  was  classified  by  the  superintendent  of  borings  as 
either  **  hard  pan  *'  or  "  blue  clay." 

From  examining  the  samples,  I  find  that  most  of  those  listed  as  sand  are 
80  extremely  fine,  that  as  they  nkiu^ally  lie**  iiv^ large  masses  and  including 
the  fine  particles  lost  in  the  profess?  ot.wi^h-boring,  tlvese  sa^ds  would  be 
imperious  in  the  sense  in  which  the ''WOTff-^ia^^sedbi}^  practical  men,  the 
grains  being  mostly  1/500-inch  inj^jdianieter. 
♦  The  general  results  of  the  bf)'ring9*aTQ#i^bo^:i}  in  plate  Xo.  21  of  the 
drawings,  and  so  far  as  they  go.^kks^iJiQ^fi^  •WKfi<iork«  to  he  entirely  safe 
for  the  work  proposed,  "— -r- 

As  a  matter  of  fact,  although  this  place  may  look  thin  to  one  who  stands 
on  the  Erie  Railroad  grade,  or  stands  in  the  highway  a  hundred  feet  higher 
than  the  proposed  high  water  mark,  but  without  having  marks  to  show  where 
the  water  level  would  intersect  the  bank,  it  is  actually  more  than  one-third 
of  a  mile  thick  at  the  high  water  level  at  its  narrowest  point.  Tlie  word 
"  quicksand  "  has  been  so  persistently  repeated  by  one  of  the  gentlemen  who 
has  \iTitten  upon  this  subject,  that  I  have  taken  pains  to  secure  expert 
opinion  in  the  classification  of  the  boring  samples  returned  as  clay,  and  ir» 
order  that  anyone  technically  familiar  with  problems  of  percolation  might 
reassure  himself  concerning  the  imperviousness  of  the  material,  have  had 
microscopic  measurement  made  to  shoNv  the  quality  of  much  of  the  materia) 
classified  as  sand. 

It  will  be  noted  that  the  particles  are  extremely  fine,  and  those  familiar 
with  such  problems  will  recognize  that  the  rate  of  percolation  in  such  material 
in  such  great  width  of  embankment  would  be  practically  negligible. 

This  portion  of  natural  dam  so  far  as  yet  explored  appears  abundantly  safe 
in  comparison  with  such  precedents,  for  example,  as  is  found  at  the  north 
dik»?  of  the  Boston  Metropolitan  Water  Works,  the  proposed  Isthmian  Canal 
dam  at  Gatun,  and  in  sundry  other  engineering  works. 

Since  extremely  fine  sand  sometimes  looks  very  much  like  clay,  and  since 
expert  foremen  of  borings  sometimes  classify  material  as  clay,  which  chemi- 
cally is  not  clay,  six  representative  samples  from  the  Portage  borings  were 
sent  for  classification  to  experts  familiar  with  the  interpretation  of  boring. 
Tlieir  reports  are  as  followpt 
PortkmB  of  the  SMoe  m  ilao  tested  iox  %\vt  ol  ^^\xi^V\N^\.  ^«sv^v» 

^givieB  below. 


804  ^  SxATv  Wi.T£E  Sim.T'^lfl^jssiON. 


Bir.E  OF  SAHB  OEATNE. 


fib»  9i  gaUm  if  <lT«a  m  diMaet«r  in  tied  mils  i>f  BA  iQch.     Heaaund  tuidef  uttcriM^iw 
vitli  iiiiorQiiiat«r  «]r«ptoce  li^  K.  .Whitman.  Jr.«   Febnj&ry  19,  ISKML 


Bunpte  No.  3.  Slw.  .008  to  .007, 
fluple  Mo.  t.  BUb,  .00005  to  ,0002, 
I  No.  4.  mat.  J00005  to  .0002. 


Of  8ampk*  Smid  i 
NOb  1  or  A.  Hole  8,  sam^  7.  94£e,  .00^  Xq  m5. 
No.  2  or  B«  Hole  6.  nunple  8.     Mi3ctui«  of  fitm  oiLteiial  df&»  .OOqa^  ^_  *^<><>4^^^  ' 

mfttorlal,  lUe.  .003  to  .00^, 
No.  3  or  a  Hole  1,  eample  4.    Sisfl,  .00005  to  .0002. 
No.  4  or  D.  Hole  5.  eample  4.  Sl£».  .000  to  .000. 

No.  «  or  B.  Hole  5,  eample  7.    &flxliir«,of  fine  m&ttr$al«  e!i»,  .0001  lo  .0007.  vtUidw^ 
pee^  «j008  to  .<Mk 
Net  0  or  F.  Hole  4.  eample  6.  Slse.  .001  to  .004. 


(^  Otter  Sompk^  Prutrt'ed  ftr  Refetmct  of  4f^nv  Q0kt* 
UfM  No.  I,  ] 


HoteNo^lL 
Sample  No.  8.  Ifizture,  coarae,  .OOa  to  jOOS,  ttiilCfloei'  mateiiat  iWU  lo  . 
Sample  No.  4.  Bise,  .00006  to  .0001. 
Sample  Na  5.  Siae,  .00005  to  >0O03U 

Hok  No.  a. 

Sample  No.  2.  Graded  materialp  .003  lo  .1  or  ,2, 
Sample  No.  3.  Graded  material,  .05  to  ,5. 

ian  pie  No.  4.  Size.  .002  to  .006  hud  Amali  amount  coar^^  material. 
Sample  No.  5.   Mostly  .00003  to  .0001.  with  some  .0005  to  .002. 
ISampIe  No.  6.  Size,  .000 1  to  .OOOS. 
Sample  No.  7.  Size,  .003  to  .OOS. 

Sample  No.  8.  Size,  .0001  to  .(X>05  witli  some  .002  lo  ,005. 
Sample  No.  9.  Mixture.  .0001  to  .0005  and  .002  to  .004. 

Hole  No.  4. 
Sample  No.  1.  Size,  .002  to  .008. 

Sample  No.  2.  Largely  .0001  to  .0005  with  some  .001  to  .002. 
Sample  No.  3.  Size,  .003  to  .005. 
Sample  No.  4.^ze,  .0001  to  .0003. 
Sample  No.  5.  Size,  .001  to  .004. 

Sample  No.  6.  Size,  .OOOOci  to  .0003  with  coarser  material  graded  Inn 
Sample  No.  7.  Graded  from  .0001  to  .1. 
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REPORT  ON  PORTAGE  RIM  SAMPLE  S  BY  W.  O.  CROSBY,  GEOLOGIST. 

Depabtment  of  Gzoloot,         ' 
massachu8f.tt3  institute  of  technology. 
Boston,  Mass.,  February  4,  1908. 
Mb.  John  R.  Freeman. 

Consulting  Engineer: 

In  accordance  with  your  instructions,  I  have  examined  six  samples  of  material  from 
dciil  borings  recently  sent  me  from  Albany  and  I  submit  herewith  my  conclusions  as  to 
the  character  and  proper  classification  of  tbs  materials. 

It  will  promote  clearness  and  convenience  to  refer  to  the  following: 

Approximate    Diameter 
diameter     of  grains  in 
of  grains  in    decimals 
General  classification  of  detrltal  materials.  millimeters .  of  an  inch. 


1.  Coarse  gravel 

2.  Fine  gravel 

3.  Coarse  sand 

4.  Medium  sand. 

5.  Fine  sand 

0.  Superfine  sand 

7.  Quartz  flour 

8.  Superfine  quartz  flour. 
9.  Clay 

10.  Boulder  clay  or  till 


0.45 

.0177 

0.28 

.0110 

0.16 

.0063 

0.08 

.0031 

In  general  usage,  quartz  flour  (7.  8)  is  reckoned  as  clay.  It  is  the  principal  constituent 
of  even  the  most  plastic  glacial  clays;  but  it  is  also  often  quite  free  from  a  true  clay  base. 

Sample  A.  •  I  ~ 

Superflne  sand  (6),  composed  almost  exclusively  of  subangular  and  fairly  uniform  grainy 
of  quartz,  with  no  appreciable  amount  of -clay.  The  gray  color  indicates  a  source  below  or 
near  the  water  level;  and  the  grain  is  fine  enough  to  give  it  a  low  filtration  rate,  or  make  it 
relatively  impervious. 

Sample  B. 

A  mixture  of  superfine  sand,  quartz  flour  and  clay  (6,  7,  8,  9).  The  sand  largely  pre- 
dominates; and  the  clay  does  not  exceed  flve  per  cent,  of  the  whole.  It  is  much  more 
higtily  composite  and  more  impervious  than  No.  1,  and  probably  from  a  deeper  source 
relatively  to  the  water  level.  The  composite  character  and  espec  ially  the  clay  must  make 
this  material  practically  impervious. 

Sample  C. 
An  intimate  mixture  of  quartz  flour  and  blue  clay  (8,  9).  In  othei;  words,  a  blue  or 
uooxidized  gladal  clay  —  a  typical  brick  clay.  Examination  with  the  microdcope  and  by 
washing  shows  that  in  spite  of  its  plasticity  it  is  chiefly  composed  of  superfine  quartz  fiour, 
the  proportion  of  true  clay  base  probably  not  exceeding  2b  per  cent.  ;  but  this  is  sufficient 
to  make  it  highly  impervious. 

Sample  D. 
Medium  and  fine  sand  (5,  6)  only  a  trace  of  quartz  flour  and  no  clay.     Its  relative  coarse- 
ness, and  the  uniformity  of  grain,  make  it  highly  pervious  and  a  good  water-bearing  sand- 
while  the  buff  tint  suggests  a  source  above  the  water  level  for  this  sample. 

Sample  E. 
A  higlily  composite  sand,  varyUig  from  fine  gravel  C2)  to  superflne  sand  (6),  with  little  or 
no  quartz  flour  or  clay.    In  spite  of  its  composite  character,  it  is,  apparently  a  good  water- 
bearing sand:  and  the  dark  gray  color  shows  that  it  has  oome  from  well  below  the  water 
leveL    The  statements  as  to  the  water-bearing  chaxictttc  of  t9D&i  taA  ^sAitatfa  fwi^Aa  «s%^  ^v 
course,  based  upon  the  assumption  that  no  appiedAUIft  f*<"  ■  ^rai^VaNXVEL^^^^" 

4iin^  the  samples. 
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like  th&U  r^laUretj  tni|>er7lcius, 


QuJcksaad  le  any  Bandn  coarse  or  fine,  lij  a.  sUte  of  complete  Battinlloa.  flTlien  thii  w*l«r 
1b  InAufflcjent  to  fill  I  be  InteTTsttcpst  tu  surfAC^  teaaioQ  m^kjefl  It  ^n  elQcleol  cem.ent»  tilDdiac 
tde  g^mins  of  .wmtl  togpther.  But  wh<°'n  tin*  pcilni  of  ryittirMicM)  L**  rj?jac!i*i^l,  siirfac^  i^iscm 
diiappearg  »nd  the  water  act^  as  a  Lubricant,  In  the  same  manoer  but  more  e^ci^trtLjr  ai  tlf 
dO€i  In  dry  »and.  Because  tlip  finer  gTadea  of  sand  (4p  5.  S)  are,  in  general,  tbi?  mijsl  unlfo*« 
io  &\^  of  grain,  and  bene  t?ie  mu^t  0]>t^n  or  porotis  In  teslure.  ttwy  »re,  wheti  $atuimt«4, 
ilie  most  typical  rtulcksand^;  but  tbey  ce^o  |o  be  qulck^iands  wbt^never  llie  LntcE^tiilil 
water  fiiUj  below  the  point  of  saiuratjon^ 

Quartz  flour  and  clay  are.  like  coarser  sands,  til|:Ulj  composite.  For  ttilsi  rem^ori  au4 
beoaijsff  the  excessive  minuteness  of  tl*e  gmltis  make*  frletion  and  moLf>cuiar  At  tract  ion  mOT* 
Imporlant  factors,  they  are  **q,ulck'*  only  wheu  super^turaled  or  redtici?d  to  mtid.  Stsorl 
jOt  supc^rsaturatlon,  they  may  flow  under  ^rrcater  or  lesa  presaune.  but  not  after  the  tnanner 
of  quickMnd. 

The  highly  impen'jous  ch^ractifr  of  these  filler  detrital  materials  lA  favorable  to  tme«tua| 
migration  and  the  6Sliiblfsjh.ment  ol  iildjng  planes  or  surfaces  of  localised  njovemeni  or 
illppine.  Broadly  speaking,  the  condHioa  of  being  aupenHiturated  and  "^uick'*  ti  poA^dbte 
fOr  r|uart£  flour  or  clay  only  where  they  have  been  deposited  as  surfaoe  sflts.  ftnd  have  not 
been  compacted  by  liubHequent  compression,  wltlch  would  eUmULate  or  lorce  out  itie  «rat«f 
of  supersaluratlon^ 

Froxn  all  thlis  It  toUowa  that  clay  and  quarts  flour  at  orn^  ^nd  of  the  secale,  and  the  coitfer 

Batids  and  the  gravels  at  the  other,  are  raivly  truly  ''quick/"  the  matetials  of  lAt«rmeHtiai« 

^rade,  the  Brie  aand«,  are  eosd^y  brougtit  Into  that  condition,  for  water  pctietrat«j  Xhta 

feadlLy,  the  loterstjitlal  space  is  at  a  maxim um,  and  they  do  not  demand  s^pe^sat(lmt^?^, 

All  of  which  ts  respectfully  submitted. 

(Signed)        W.  O.  CHusisi. 


4 


Filtration  Ayeraoes  Throuob  Sands  of  Various  Size. 
Expressed  in  cubic  centimeters  of  water  per  hour  thru  a  column  6  inches  long  with  a 
<liameter  of  about  0.8  of  an  inch,  equivalent  to  a  cross  section  of  1  ten-millionth  of  an  acre 
■and  under  a  head  of  10  feet. 


Complete  Samples. 

1 

Washed  Samples. 

GRADE  NO. 

Number 
of  trials. 

Average  C.C. 
per  hour. 

Number 
of  trials. 

Average  C.C. 
per  hour. 

5 

17 
37 
94 
54 

12,380 

3,565 

392 

24 

20 
21 
32 
10 

13,920 

^ 

5  2S5 

7 

805 

^ 

105 

9.     With  this  grade  (clay)  the  filtration  per  hour  could  not  be  measured,  the  rate  being 
practically  nil. 

The  complete  samples  suffered  no  loss  of  the  finer  material  in  collecting;  while  in  collecting 
the  washed  samples  some  of  the  finer  material  was  lost,  the  consequence  being  a  notable 
Increase  of  the  filtration  rate,  especially  for  the  finer  grades  (7  and  8),  Tht^  coarser  gnhde« 
(6  and  6)  were,  virtually,  washed  in  the  process  of  deposition,  and  have,  therefore.  eveft_ 
when  complete,  low  uniformity  coefficients  and  high  filtration  rates. 

(JSlgned)     W, 


^  o.  <m^^H 
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CLASSIFICATIOH  OF  CERTAIIf  8AMTIES  OF  SAND  OH  CJ^Y  FROSI 

PORTAGE.   N.  *  . 

N,  Y,  Board  of  Wateh  Sfpplt, 

'LAM^nA'towr,  147  Varick  Street-    Fcbruanf  h  1*08* 

DCAJt  ?Eft. — 1  send  the  following  report  of  exftmiaailon  5f  three  C3)  s(unple»  ol  tl*| 
markup]  '*  State  Water  Supply  Commlaaton  No.  B  "  and  '^  State  Water  Supply  OamiciMiofl 
No.  C*  The  samples  were  turned  over  to  Mf.  Galnea  for  th«  chemical  aad  ptijiio^  l«^i. 
The  tLie  of  sample  was  insuffldent  to  Kiake  any  testa  by  elutrtation,  or  ordiiiiUT  in«rtlitirtril 
analysts  with  sieves.    I  quote  from  Mr,  Galoea*  report,  aa  follows: 

'♦  Each  of  the  BumpleA  nespotided  to  the  t«sis  by  whieU  clays  *re  usttaily  FiecosolaedH  *ni 
they  may  be  thei^fare  cksd^d  aa  clays. 

'*  The  samplea  weie  plMtlc  In  the  fliate  In  which  they  wt:re  received,  lind  beeme  klfi 
and  brittle  on  dry  Inf.    Each  of  the  Hu£ip|e«  eonsi^i^ed  In  part  of  toQrxMal  stibi^uiOH. 

"  After  drylT^^  at  13Q  deirreei  C,  Sample  B  wag  found  to  cOQt&ln  5.^4  per  cent*  ttslcruf 
hydration  and  Sajupte  C  5,S4  p«r  cent,  water  of  hydration. 

*'  Chemically,  both  samples  consisted  in  part  of  hydrous  kluintnou*  alllcftte.  or  the  p»- 
domlnant  inifredient  of  ordinary  clay* 

•'  The  test  hy  water  of  hydration  alone  would  be  insufRdent  to  pronovmoe  these  materiili 
dayft,*  Pure,  high-grade  clays  contain  a  mttiimam  of  12  per  cenl.  water  ol  hydration;  roiJKd 
aandy  clays  may  run  as  low  as  3  per  ct?nt.  or  i  per  cent." 

There  are  two  general  groups  of  claya;  residual  claj'S,  those  formed  in  place:  sedlmentarf 
Clays,  those  deposited  from  suspension  In  water.  Naturally,  tlie  latter  afjiord  the  hesi  eiiro- 
ptes  of  unttorm  mechanical  grading. 

For  the  ordinary  purposes  of  engineerlnjf  construction  1  ahould  con^der  these  "  tlav*  '* 

1  shouhl  pronounce  them  true  clays  containing  an  iutermlsture  of  rock  Hour,  the  lutrer  of 

which  k  jrohahiy  composed  of  clay  forming  minerals  not  completely  broken  down  chcroi* 

cally  Into  rtay,  and  non-clay  forralne  minerals,  probably  chiefly  ouatt^.    Pt^suoaably,  tbcj 

are  of  riesiduai  orig^. 

Respectfully  youra* 

iSiEned)    JAMES  L.  DAVIS, 

AEs{«tanf  Engineer. 
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APPROXIMATE  ESTIMATE  OF  COST  OF  PORTAGE  RESERVOIR, 
PLANS  OF  1907. 
SuMMA&T  (quAiUUies  and. prices ). 
(Estimates  on  structures  mostly  by  C.  T.  Rliodes,  C.  E. ) 
The  following  are  from  rough  preliminary  approximations  and  are  subject  to  revision  after 
more  complete  survey  and  studies.    They  are  however  believed  liberal. 

Land  for  reservoir,  tunnel  and  power  house $750,000 

Buildings  to  be  removed  for  reservoir  (as  estimated  by  Mr.  Shedd) 770,000 

Relocation  of  Pennsylvania  Raihroad 770.000 

Dam  and  spillway ,2,091 ,000 

Highway  bridges  over  reservoir 125,000 

Clearing  reservoir 25. 000 

New  highwajTB 40.000 

Moving  cemeteries 15.000 

$4,586,000 
Add  10  per  cent,  for  engineering  and  contingencies 458 .  000 

Total  cost  of  Portage  reservoir,  estimates  of  1907,  as  developed  for  storage 

and  flood  control  and  exclusive  of  tunnel  and  power  plant $5,044,000 

For  details  see  following  pages. 

Ck>MPARi80N  With  EflfmiA.TK8  of  1896. 

It  will  be  noted  that  the  above  total  cost  is  double  that  estimated  by  Mr.  Rafter  in  the 
State  Engineer's  Report  of  1896,  p.  703.  In  our  estimates  of  1907,  the  lands  and  buildings 
are  estimated  at  about  $870,000  more  than  in  former  estimates,  a  part  of  this  being  due  to 
our  having  added  50  per  cent,  to  the  detailed  approximate  estimate  of  pceaent  market 
value  to  allow  for  extra  costs  and  legal  expenses  connected  with  takings  for  pubUc  pur- 
poses. 

Our  estimate  for  the  dam  is  $1,311,000  more,  due  in  part  only  to  change  in  site  in  mov- 
ing upstream  from  the  limits  of  the  park.  For  changing  the  railroad  we  figure  $220,000 
more,  for  bridges  and  wagon  roads  $35,000  more. 

As  previously  stated,  our  present  figures  rest  on  incomplete  data  and  are  subject  to 
r«vision.  It  has  been  our  intention  to  make  these  estimates  on  a  liberal  basis.  The  follow- 
ine  details  will  make  plain  the  basis  used  . 
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DETAIIB  OF  PR  F  M  tn  >r  \  H  V  EBTIAI  ATI 

PORTAQB  PR0JBOT. 

Anmoxjouam  Ckm  or  Laitd  RsomBBD  worn  Wmmiw,  nro.  mm  Srumrmt  j 

VKMC  l.SIO  tan  Aaovs  tMu 

(See  report  of  lospeotloii  t»3r  Geoiie  Q.  Blieild,  a  X^  te  ^wmmmUt,) 

1,000  aeretftuni  lend,  $100 : tfit^OM 

1,000  eoieeteniileiid,  $80 *••  U$.$OI 

1.100  eoieeteniileiid,  $00 w •o.OQO 

1,$00  eerailillW<lee,$4D ««O0$ 

J.700eeKeliUliidee,$30 81.00$ 

•0OeeraiIiUMl(lee,$85 1S.0Q$ 

4OOeeraiYU]Afepn9ert3r,$0OO , 900.000 

000  eeiee  ilTer  bed  ebeedy  oirned  by  Slftte & 

•.TOOeone , $000,000 

Bzpenee  of  ooodemnettcNi  end  legil  csQwoeet.  .•••••»•••••••••••••••••  ^,$00 

TeUl v $790,000 


AREAS  OP  LAND  TO  BE  PURORASBa 

POB  RSBBBTOni  AMO  DAX. 

Aieooreilloiwed  with  water  at  elevmlloii  1,900 19.1 

AieaoTerflowed  with  water  at  elevatton  1,910 IM.minm^wBm 

The  above  flfufee  are  fkom  State  Englneef^e  report,  180$,  p.  TOOi 

The  new  dam  dte  is  about  9,000  feet  farther  uiHrtnam  thaa  the  one  ptopoiod  tn  1800  and 

the  intervening  portion  of  the  gorge  Is  about  800  feet  wide  at  elevation  1210.  making  about 
40  acres  to  be  deducted  from  the  above  figures. 

Disregarding  this  small  amount,  and  assuming  that  the  Increase  in  area  from  1.210  to  1,220 
Is  equal  to  that  from  1,200  to  1,210  gives  a  result  of  15  square  miles,  or  0,000  acres. 

Deducting  area  of  river  bed.  about  500  acres,  leaves  net  amount  to  be  pur- 
cHased 0, 100  acres 

For  Tunnel  and  Power-bouse  —  Site  B. 

For  tunnel,  right  of  way.  18,000  x  60.. 23  acres 

For  two  shafts  and  dumping  space 8  acres 

For  power-house  and  surroundings  (above  and  below  cliff,  including  river  diver- 
sion) 1.500  X  800 25  acres 

For  railway  to  connect  with  P.  R.  R.  near  I-iewis*  crossing.  15,000  x  100 40  acres 

96  acres 

The  land  for  power-house  site  and  the  right  of  way  for  the  tunnel  should  properly  b« 
acquired  at  same  time  that  reservoir  dam  is  built,  in  order  to  avoid  possible  future  com- 
plications. 

APPROXIMATE  ESTIMATE  OF  COST  OF  PORTAGE  DAM  AT  NEW  SITE  ABOUT 
i  MILE  ABOVE  UPPER  FALL. 

Dam  of  the  Arched.  Rubble  Concrete  Type  —  Face  of  Concrete  Blocks.     Spill wat 
AT  Elevation,  1,210  Above  Sea. 

83.000  cubic  yards  earth  excavation.  $1.75 $02,250 

70,600  cubic  yards  rock  excavation,  $2.50 170.250 

34, 600  cubic  yards  embankmenl  \tv  aptoxvs,  ^b  cetvx^ 12, 110 

cotter  dam  ana  unwaleiVug  saU i^jss^ 
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268 ,  300  cubic  yards  (cyclopean)  concrete  in  dam  and  spiilway,  Sd.50 SI,  743 .  950 

300  feet  westerly  extension  of  spillway,  say 10.000 

1 .835  cubic  yanis  concrete  in  bridge,  $10.00 18.350 

1,210  cubic  yards   concrete  in  cornice  and  parapets,  S  12.00 14.52Q 

2, 400  square  yards  slope  paving.  Sl.OO 2 ,  400 

4  48-inch  special  valves ) 

1  30-inch  special  valve  V 12,000 

1  18-inch  special  valve  ) 

Roofing,  doors,  windows,  etc.,  of  gate-house 1 .  500 

Stairways  and  railings  of  gate-house 750 

2, 160  square  yards  brick  paving,  $2.50 5. 400 

650  square  yards  granolithic  sidewalk  (finishing),  40  cents 260 

Weir  across  river  below  dam 1 ,  500 

Outfall 1 .000 

Pumps  and  piping  for  gate  valves ^ 500 

S2. 090, 740 


COST  OF  RECONSTRUCTION  OF  PENNSYLVANIA  R.  R. 

Computer,  C.  T.  Rhodes.  G.  E. 

Checked  by  K.  Whitman,  Jr. 

Jan.  30.  1908 

185  acres  right  of  way,  $60.00 $11 .  100 

70  acres  clearing  and  grubbing,  $30.00 2 ,  100 

608,000  cubic  yards  earth  excavation,  $0.25 152.000 

1 10,000  cubic  yards  rock  excavation,  $1.00 1 10.000 

43,800  cubic  yards  ballast,  $0.50 21 ,900 

49.600  ties.  $0.75 37.200 

2.080  tons  steel  rails.  $30.00 62, 400 

250.000  pounds  splice  bars,  $0.015 3.750 

25,000  pounds  bolts,  $0.02 500 

100,000  pounds  spikes,  $0.0175 1 . 750 

18.5  miles  track  laying,  $500.00 9,250 

12  switches  and  stands,  $75.00 900 

cast  iron  pipe  culverts 10,000 

masonry  arch  culverts 10.000 

bridges  and  piers 275.000 

800  lineal  feet  tunnel  in  earth  With  concrete  lining,  $80.00 64,000 

18,000  square  yards  slope  paving,  $1.00 18.000 

3,000  lineal  feet  piling,  $4.00 12.000 

road  crossings  and  cattle-guard 500 

14  miles  fencing,  $500.00 7,000 

15  miles  telegraph  line,  $300.00 4, 500 

3  stations  and  freight  houses 10.000 

1  coal  station 500 

1  water  tank 600 

draining  slide  section 3.000 

temporary  trestling,  removing  bridges 6,000 

Gross  total $833,950 

Credits. 

1 ,900  tons  steel  rails,  $20.00 $38,000 

25.000  ties.  $0.35 7.500 

250  tons  structural  steel  in  bridges  removed,  $40.00 10.000 

160  acres  right  of  way,  $60.00 9.600 

stations  and  other  buildings 2. 000 

Less  credits ^1  ,v^ 

Net  total !  vi^^"^ 
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PORTAGE  POWER   PLANT  AT  SITE  B.     APPHOXlMATE  ESTIMATE    Of  ! 

(Esdwutl^H  by  FL  D.  Joluiao^t.^M.  E.) 

&tf>oiAKT  (for  dctajlfl  bm  fDUowiiif  pai?^), 

TimtieJ,  indudtng  3  worlicing  shaita  %nd  iiilake  aimti - , , , .  11. 392. 00ft 

E^cciLTatloti  rot-  powpr-houGV',  penBtocks  t^iitl  suf-g?  pipe  sliuft iT.394 

CoiKinite  for  power-liouse  Eubslrtrcture,  wid  Uniug«  of  peustock.,  tuaneU  and 

jnjrEis  pip*  «bnfL .......,..,.,., t02,!^ 

Gonr,Tt?te  for  tmiisfOTOJtr  houe*?,  airbstructure. ..,.  h  ......  ^  <  ^ .-.....,...,. .  H^  .580 

Qoncn^te  Uning  Tor  t^lltS  at  tmnsfomi^r  bouse. .,.,....,..,.,,,,,,,...,..,.  4»30a 

BtMl  work  Cor  petistockf,  fon^buy,  surg^  pjjve  (b«low  groun<I)i  T^infofielnf  tiaf9, 

*to * , »1  .P*S 

Galctf,  valves  And  opetatin£  mech^niKni  ^ , ....  ,,..p ^ .  l.^«  455 

rower-house  superstructure. ^ . .  11 « T40 

Tmnaformer  house,  supeistructure.  ......,.............,.-*...,.*  I  .**,,, .  47^000 

HTdnnTUc  m^chioery. , . . .........,,,... ,, ,^ .. . ,  ti^^t*  •t^,  1^.000 

Ei(?cljlcal  machlDEry . .  .  ♦ » . .  - . ....... ..».,.,,,.,,«  ««  ^ ^«  743 ,50f^ 

Cmnes  lind  auxiliary  macMn^ry ......*.  3T.€O0 

ItlVf-r  wall,  river  excmnXion  smd  miiJceUapeoitis  Improviiinenti .«....».  14,200 

Ev-llroad  aiding  from  Pemi^ylvanla  EoJIroad  to  p<jwcr-house .  ....»*«•««•  ^  #«•  S^.tlfM) 

t2,7a0.7d5 

Intake  works,  say .,,..... ,...*,,,,,,,,.._.,.»» ,  ,  *  411 ,  iHM 

Surge  rank  "Study  No.  1/'  all  tsoocteie. ..  J.'lo^SJStf 

Total  below  dim -^  ,-..►....,,.»». ,  i2,9««.0TS 

&dd  10  per  cent,  for  conlifieenci^  luid  Bupervlidon,  Guy ...  ^  ...,.***  t « ^t « n . .»  29€  .4ff^ 

ta, 263,343 

Add  for  transmission  lines,  equivalent  to  conveying  50,000  Kilowatts  to  Roch- 
ester, say 800,000 

Total  for  power  plant,  tunnel  and  transmission  line  about 14,063.343 

Adding  to  this  the  cost  of  the  reservoir  and  dam  and  accessory  works 5,044,000 

Total  cost  for  complete  Portage  development $9, 107,343 


TUNNEL  (fifteen  feet  diameter)  SITE  B  — PORTAGE. 

Allow  12  inches  for  average  thickness  of  concrete. 

Excavation  at  S^i  yards  per  foot,  at  $5 t42  50 

Concrete.  2  yards,  at  SO 18  00 

Estimated  cost  per  lineal  foot $00  50 

Allow  for  irregular  rock,  timbering  and  contingencies,  15  per  cent.,  or  say 
$70  per  foot  for  average  conditions. 

18,000  feet,  at  $70 $1,260,000 

Two  working  shafts,  say  600  feet,  at  $120 72,000 

Intake  shaft,  including  steel  lining,  300  feet,  at  $200 60.000 

Tot  al $  1 .  302 .  000 
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SUMMARY  OF  DETAILED  ESTIMATE    FOR    POWER-HOUSE,  SITE  B  — 
PORTAGE.  N.  Y. 

Rock  excavation: 

Power-houm  site,  including  tailrace,  say  2,000  cubic  yards,  at  Sl.Sp $2,600 

For  main  penstocks   from    outside    face   of    power-liouse   to  end  of  intake 

special,  2,000  cubic  yards,  at  $7 14, 000 

For  passage  to  valve  chamber,  550  cubic  yards,  at  $7 3.850 

For  tunnel  for  exciter  penstock,  35  cubic  yards,  at  $7 245 

For  riser  shaft  between  elevation  727  and  877,  1,270  cubic  yards,  at  $12 15.240> 

For  feeder  head  and  riser  below  727,  2,300  cubic  yards,  at  $3.50 8.050 

For  diffuser,  850  cubic  yards,  at  $4 3. 400 

$47.385 

Concrete: 

Power-house  substructure,  10. 105  cubic  yards,  at  $7 $71 ,  365 

Ck>vering   main    penstocks    from  outside  face   of   power-house   to  end   of 

Intake  special,  050  cubic  yards,  at  $18 17, 100 

Lining  passage  to  valve  chamber,  200  cubic  yards,  at  $8 ' 1 ,  600 

Joining  around  exciter  penstock,  25  cubic  yards,  at  $9 225 

Lining  riser  shaft  between  elevations  727  and  877,  420  cubic  yards,  at  $6.  ^ ... .  2 ,  520 

Lining  feeder  head  and  riser  below  elevation  727,  900  cubic  yards,  at  $9.50. . . .  8. 550 

Lining  diffuser,  150  cubic  yards,  at  $10 1 .  500 

$102.860 

Steel:  * 

Reinforcing  steel  in  power-house  substructure,  119,000  pounds,  at  $0.045 $5, 355 

Main  penstocks  inside  of  power-house,  246,000  pounds,  at  $0.0475 11. 685 

M%in  penstocks  from  outside  face  of  power-house   to  end  of  intake  special, 

558,000  pounds,  at  $0.0625 34.875 

Main  penstocks,  six  intake  special  sections,  46,000  pounds,  at  $0.07 3.22o 

Exciter  penstock  complete,  36,000  pounds,  at  $0.0525 1 .  800 

By-pass  piping,  13,000  pounds,  at  $0.055 715 

Reinforcing  beams  between    penstock    at    feeder   head,    62,400    pounds,  at 

$0 .  025 1 ,  560 

30-foot  cylinder  at  feeder  head,  37,000  pounds,  at  $0.08 2,960 

Bottom  of  30-foot  cylinder  at  feeder  head,  11,500  pounds,  at  $0.07 805 

Riser  from  tunnel  to  elevation  875,  196.000  pounds,  at  $0.055 10, 780 

Diffuser  at  end  of  tunnel,  101,500  pounds,  at  $0.08 8. 12Q 

$81.965 

Gate-operating  mechanism,  119,500  pounds,  at  $0.09 $10,755 

Gates,  31,000  pounds,  at  $0.08 2.480 

Valves  on  exciter  and  by-pass  line,  9,  at  $250 2, 250 

$15,485 


Power-  House  Superstructure. 

Superstructure  walls,  2,630  cubic  yards,  at  $8 $21 .040 

Operating  gallery,  1,950  square  feet,  at  $0 .  80 1 ,  560 

S  ipporting  wall  under-  gallery,  60  cubic  yards,  at  $8 480 

Bteel  work  for  roof  ^projected  area),  275  squares,  at  $20 5 . 500 

Roof  covering,  superficial  area,  306  squares,  at  $30 9 ,  180 

$ 

Orane  runway  for  power-house,  say 

Total  superstructure \W  ^'i^jJi 


$37,760 
4.000 
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TTurtKfiwmef  HmtH^  Subtitruclurt, 
(Hock  exuvittlCMi,  iiouej 

Tmii^former  t^und^xiom^  l^QQQ  y^&rd-^  at  fd  .SO » , , » *  i .  * ,  ■ « « f  *  ^  »  ^  «  i « «  « •  • » • 

Foimdallori  walK  1*^30  yards,  »i  f  7 , » .  9.914 

Founriation  end  wails.  1 10  yftftU.  nl  t7. ,...,» .,,.......,..  TTO 

Cran«  w»tJ  (lining  cLifTK  &5Q  y&rda,  frt  fQ.M) ...w..« 4.^^ 

Tranafonnei  skids,  say  40,000  pounds.  4t  tO  .05  .....,...*  v ,.,.,......... .  2«CN){> 


Total. .  .  .*. , ,..,.,,,,.*,.-,.,,.-.-..,,-,,,,,.  t^.TWi 


5,  Tra  informer  //pttie,  Sv^rr«6^4^f& 

I                  Rool,  ISO  Kqimrefl,  at  f30. , , ii^SCNl 

i                Bt&fi  m  roof,  13,000  square  fu^l,  at  10. 20. ,  -* a.flW 

Floor  irate  upstairs,  13,000  square  feet,  at  SO.  BO ...,*,,,*,,*  tO.400 

Floor  ^pnce  downstairs.  tl,0O0  tquAre  feet,  at  tO.SO. « ,.*.........  S,^'' 

I                  Walls,  2,275  yaitis,  at  18 , ,. ,. ,..,,*.*.•....*  1B«300 

Cmne  ry nways,  lump  sumt  bay  ...........,,...,..,...,...,,..*,•,.,..,»  S.  DOO 

Toul ,. t*T,B<» 

Su3V«  ^rtw*  Jot  Study  "No.  1/* 

ConePete,  main  structure,  3,500  yards,  at  115. ..*  t^Si^Od 

Concrete,  catch  b&idn,  1,620  yard«,  at  10 . 50 ,.....*,.-«.  ^  .*...«.**..,.>> .  10,520 

fiteel  rfclnfoncinff,  155,000  pounds,  at  10.04 *.*  ^^200 

St^rl  tank,  weir  and  down  plpe^,  3(^3,000  pounds,  al  10.07. ,,.,,,, . , . .  >  27, $90 

Sn*J  riser,  420,000  jWLinda.  at  10.05 <  21, 300 

eel  splash  tanks.  2B4.000  pounds,  at  tO ,  04 ,  . .  < . , ,,.,.,,......,,...  1 1 ,  310 

1  r  of  lagging  and  inddentalw,  lump  sum  .^ ,.,...........>,.,.....-•  U<iO 

Cost  of  g-ettiug  dd  of  waste  water,  lump  sum,  s&y 6,<MI0 

Total $135,880 

SITE    B  — ESTIMATE    OF    POWER-HOUSE    MACHINERY. 

Generators,  10,000  kilowatts  on  25  per  cent,  overload,  say  9  at  800,000 ^    $360,000 

Turbines,  OO-inch  runners,  say  830,000  each,  6  at  830,000 180,000 

Exciters,  350  to  400  kilowatts  each,  say  87,500,  3  at  87.500 22,500 

Exciter  water  wheels,  say  83,000,  3  at  83,000 9.000 

•  Transformers,  11.000  v.  to  110,000  v.,  10,000  kilowatts  on  overload,  aay  6  at 

830.000 180.000 

High  tension  Switches  and  apparatus,  wiring,  etc 100,000 

Low  tension  switches  and  apparatus,  switchboards,  etc 80.000 

Crane.  50-ton  on  75-foot  span,  at  89,000 9.000 

Crane.  10-ton,  hand  operated.  57-foot  span,  at  82,000 2.000 

Crane,  outside,  for  transformers,  50-ton.  20-foot  span 6.000 

Auxiliary  machinery,  air,  water,  oil,  motors,  wiring,  etc 20,000 

Total $968,500 

Railroad  Siding  from  Main  Line  to  Power  House. 

Per  mile. 

Preparing  roadbed,  say $10,000 

Rails.  120  pounds  per  j-ard,  at  80.03 ^ 6.350 

Ties,  at  80.20  per  foot 1,060 

Total 

Say  3  miles  to  >ite  B.  at  818.000 
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ESTIMATED  COST  PER  HORSE   POWER  OF  THE  PORTAGE   DEVELOPMENT 
FROM  ROUGH  PRELIMINARY  APPROXIMATIONS. 

Fir^  Stage,  Portage  Development. 
From  table  on  page  194  we  see  that  the  average  possible  increase  in  power  at  present 
plants  due  to  the  use  of  all  the  water  from  the  storage  in  the  Portage  reservoir  would  average 
about  20,000  net  24-hour  horse-power  for  the  dry  half  of  the  year,  and  it  would,  as  a  prac- 
tical matter,  increase  to  about  this  extent  the  power  economically  available  throughout 
the  whole  year. 

The  total  cost  of  the  Portage  reservoir,  if  all  the  burden  is  put  on  this  water  power,  and 
nothing  on  flood  control  or  on  betterment  of  sewerage  conditions,  distributed  over  this 
$5,044,000 

added  power  Is ,  or  $250  per  24-hour  7-day  horse-power  —  a  high  price;  or  if 

20.000 
this  power  was  used  on  a  40  per  cent,  load  factor  basis,  or  as  11 . 2  hour-power,  the  cost 
for  the  mere  additional  water  supply  for  power  at  present  plants,  exclusive  of  expenditure 
for  new  turbines,  raceways,  etc.,  would  be  about  $100  per  net  horse-power. 

Portage  Plant 

For  the  second  stage,  with  the  Portage  power-house  built  and  the  transmission  line  to 
Rochester  completed,  so  that  about  65,000  horse-power  of  11.2  hour  power,  or  power  under 
40  per  cent,  load  factor,  could  b$  delivered  to  consumers  from  the  Portage  power-house » 
$9,107,000 

the  total  cost  would  be  about or  $140  per  net  horse-power  delivered  from  Port- 

65i000 
age  power-house,  under  40  per  cent,  load  factor. 

But  meanwhile  the  present  plants  at  Rochester  and  Mount  Morris  would  have  made 
available  to  them  water  sufficient  to  add  in  all  about  8,750  horse-power  of  24-hour  7-day 
power,  equivalent  to  about  22,000  net  horse-power  under  a  40  per  cent,  load  f actor t 
which  should  carry  a  part  of  the  above  burden. 

If  we  put  on  this  only  two-thirds  as  much  as  on  that  generated  at  the  Portage  power- 
house, because  of  these  sites  having  to  meet  the  expense  for   raceways   and   hydraulic 

$9,107,000 

machinery  the  total  cost  distributed  over  79,600  net  horse- power  gives 

79 .  600  horse-power 

about  $115.00  per  horse-power  as  the  cost  under  a  40  per  cent,  load  factor,  or  for  11.2  hou  ^ 
power,  and  with  no  part  of  the  burden  carried  by  the  flood  regulation  and  sewerage  im. 
provements.  This  is  a  reasonably  low  cost  an<l  compares  well  with  many  modem  develop- 
ments. * 
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Am  a  iiDit  rough  approximation  similar  to  that  given  for  tlii?  BacaJid&ga 
on  page  175j  %vc  «m>*  reckon  for  the  rc«irly  eosd,  as  foll^swa,  mAking^  the 
eatimate  for  Ibe  seeond  BtagK?*  or  tli^  combination  of  reservoir  and  power 
ItQUW,  insteud  of  estinmling  the  ycftrly  maintenance  for  these  separately, 
19  on  Sao&iidMgH, 

IntereFt   on  *tt.ltn»OO0,   at     4   p^r  <!f*nt .>.♦*... $Mi,2S& 

Aimuftl  pftynEJCTit  to  »lnkiirg  fand,  SO-yeor,  4  per  cffnt^  «t  ,iWS  cn  tatal 

coat  of  enterprise   ...,..,*..*...,,.,...,,,..,.,.........  , ,  S9,€(ID 

Tftxrs  or  etiuhralent  pa^tacnt  to  towns  at  re^tTrrqlr  pud  p^rwer  liou«i«. .  iS^iXXI 

Mfilfitenanc<^  of  n^w  fit»t<?  ULghwaya. i.tKKI 

DeprctJaLlun  iLnd  repAlr  on  pcriBkable  parts,  Mjr. ..,..-,,.-.  ^ ...  ^ .,  -  Gtl^UOfl 

BtipervJhliJD  and  maJntenatioe  ot  rvst-rvolr ..,,-*.-,..  10,000 

P^jwiar  honne,  snppIJeft,  oU,  petty  repnlrw  aofj   Itivtinmce. ...,.-..  ^OM 

*"            "        CMjttJi^eoclei    fi4i4    f orlL-ita,   #iiy «...«.,*»...  2d,fWI 

1"            "        iLtSoadttnec   povtr   houso    imd    trKistniMloii ,.-.*,,  f&^#M 

■*            **       flupisrvlBlou  nnd  niBlnti^iiuncp    . . . , ,  ..,.*............-♦  10«OOft 

3^C^tAt  yearljr  ebarfcs^  reservoir  utid  pfm^er  lioii»e.  .-...♦ ^G38,  SSt* 

Distributing  this  cn^er  the  wbole  ff5,DO0  horw  power  under  40%  load  factor 
1       from  PovtagG,  pins  %  o!  the  22,000  horsp  power  added  at  Rochester  and  Hotmt 

.       Morris,  or  in  all  79,000  horse  power  of  11.2  li&ur  pawer  we  find   ^^^-^^g^  — 

I       |8,03  per  IwDTse  power  per  y^enr  detiverftd  to  oonanmers  for  pmcer  wliif?4i  coulil 
g       not  l»«  produced  hy  ftteam  and  d^livci^d,  evvn  with  cheap  coal  and  l^rgc  ttnitii 
**        for  $2(l/»1  ppr  >rnr. 

A  word  of  caution  is  again  necessary,  that  so  vast  an  amount  of  power 
could  not  all  be  promptly  marketed,  and  that  special  induofiBifintfl  of  law  rates 
for  terms  of  5,  10  and  20  years  would  have  to  be  offered  to  new  industries. 
All  rates  should  be  subject  to  revaluation  at  end  of  a  term  of  years. 

From  what  has  been  said  on  page  176,  and  from  these  eoBts,  it  is  plain 
that  when  de\'eloped  this  great  power  should  be  so  developed  as  to  get  the 
most  out  of  it  for  all  time,  and  that  the  development  should  be  under  public 
control. 

Conclusion. 

In  concluding  this  report  I  would  again  emphasize  the  fact 
that  this  is  but  a  progress  report  and  that  the  small  appropriation 
and  the  four  months  of  field  work  have  permitted  hardly  more 
than  a  fair  beginning  of  the  broad  study  of  how  best  to  conserve 
the  water  power  resources  of  the  State  of  New  York. 

In  the  two  cases  selected  for  special  study  we  have  first  of  all 
tried  to  make  sure  of  our  data  on  yield  of  water,  and  then  to  make 
sure  of  the  extent  to  which  reservoir  storage  could  conserve  this 
flow  for  use  at  a  unifonn  rate  throughout  the  year;  for  upon  in- 
correct answers  to  these  questions,  which  so  vitally  aflFect  the 
quantity  of  power  which  a  given  stream  in  time  of 

drought,  have  rested  moat  oi  \\ie  ^\?.^^^c!  «^  ^^^vsl 

cferelopment. 
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We  have  tried  to  study  impartially  the  question  of  storage 
reservoirs  for  power  in  the  Adirondacks  and  have  found  that  these 
reservoirs  can  be  so  built  as  to  add  to  the  attractiveness  of  the 
Forest  Preserve  and  that  whether  they  make  the  scenery  dismal 
or  beautiful  is  simply  a  question  of  proper  plans  and  supervision. 

We  have  tried  to  study  impartially  how  the  Portage  Falls 
could  be  made  to  contribute  most  to  the  welfare  and  happiness  of 
the  people  of  the  State  of  New  York  and  have  found  that  result 
would  come  when  the  time  is  ripe,  through  a  broadly  planned 
reservoir  development  under  State  control. 

In  closing  I  desire  to  return  thanks,  on  behalf  of  the  engineer 
corps,'  for  the  kindly  interest  that  all  of  the  members  of  your 
Board  have  taken  step  by  step  in  all  of  our  work,  and  personally 
I  desire  to  give  public  testimony  to  the  zeal  and  fidelity  of  a  corps 
whose  members  have  week  after  week  voluntarily  worked  long 
overtime  and  cheerfully  given  up  holidays  that  the  work  of  the 
first  season  might  give  some  interesting  and  definite  results. 
Respectfuly  submitted, 

JOHN  R.  FREEMAN, 

Hydraulic  Engineer. 
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APPENDIX  B, 


REPORT  UPON  THE  PROBABLE   STORAGE   CAPACITY  AND  WATE 
POWER  THAT  COULD  BE  DEVELOPED  BY  A  SERIES  OF  SMALL 
DAMS  AND   RESERVOIRS    UPON   THE    VARIOUS   TRIBUTARIES 
AND  HEADWATERS  OF  THE  GENESEE  RIVER  ABOVE  PORTAGE 
TOGETHER  WITH  AN  ESTIMATE  OF  COST. 

Bt  George  Q.  Shedd.  C.  E. 

Pbotidbncb,  R.   L,  January  16,  1908. 
Mb.  John  R.  Fbebman,  Con$ultinff  Engineer,  Providence,  B.  I.: 

Dexb  8ib. — As  requested  by  Mr.  McCuIloh  In  his  letter  of  November  23d,  I  mad« 
a  reconnolssance,  between  November  25th  and  December  7th,  of  the  Upper. 
Genesee  and  all  the  important  tributaries  above  Portage,  with  a  view  to  determhiing 
whether  or  not  the  so-called  Lopd  Kelvin  plan  of  constructing  a  series  of  reservoirs 
on  the  head  waters  and  developing  power  in  small  units  and  at  the  same  time 
controlling  the  flood  situation*  was  feasible. .    ■ 

The  method  followed  in  obtalfning^  thl8^informat)on  in  the  time  desired  has  been 
to  drive  up  the  valleys  on  the  ^^earest  road  to  the  itreiiqi,  making  occasional  detours 
on  foot  where  the  stream  couid  not  be  seen  from  the  road,  taking  ol>servatlons  of 
height  by  aneroid  barometer  and  hand  level;  width  o^  dam  sites  and  reservoir* 
when  map  was  not  available  by  ey^'meacnirement,  Andt  lengths  along  stream  from 
the  best  existing  maps.  1,    ^'_ 

The  capacities  of  reservoirs  on  the  lower  portion  of  stream  from  Wiscoy  creek 
to  Angelica  creek  inclusive,  were  computed  from  the  United  States  topographical 
maps ;  above  that  where  no  maps  are  available,  capacities  were  computed  from  eye 
measurements,  etc.,  as  previously  noted. 

The  designs  and  estimates  from  this  data  have  been  made  upon  a  conservative 
basis,  using  unit  prices  taken  largely  from  my  own  personal  experience  upon 
similar  work.  The  regulated  flow  used  is  deduced  by  plotting  a  mass  curve  of 
average  monthly  flow  in  watershed  inches  for  nine  years  (1890-1898  inclusive), 
as  given  in  Flood  Committee's  Report  of  1005  upon  the  Genesee  river,  upon 
which  each  reservoir  capacity  was  plotted  and  the  maximum  rate  of  flow  that  could 
be  maintained  determined  graphically. 

While  the  figures  obtained  in  this  way  are  necessarily  only  very  roughly  approxi- 
mate, I  believe  that  they  are  accurate  enough  to  determine  whether  or  not  further 
•tudles-  should  be  given  to  these  propositions,  which,  I  understand.  Is  the  main 
object  of  this  reconnoissance. 

A  statement  -as  to  the  possibilities  on  each  creek  visited  follows,  taking  them  In 
order  above  Portage. 

1, — Wiacoy  Creek,  at  Wi$coy,  N.  T. 

The  lower  portion  of  Wiscoy  creek  below  the  village  of  Wiscoy  flows  through 
the  valley  with  very  little  fall.  Just  above  the  village  Is  a  series  of  falls  over 
■late  ledges,  aggregating  60  feet  In  height.  At  the  head  of  the  falls  is  a  narrow 
gorge  with  precipitous  sides  of  disintegrated  slate  through  which  the  stream  flows 
quite  rapidly,  fallhig  perhaps  20  feet  from  dam  site  to  head  of  falls. 

There  are  several  good  dam  sites  in  this  gorge,  the  one  selected  as  the  best  being 
about  2%  miles  west  from  the  Genesee  river  and  about  1,000  feet  below  the  Junction 
of  WhKOj  and  Bfttt  Koy  creeks.     The  drainage  area  at  this  pohit  is  114  square 


^  '     ▲  w*  faet'  high  above  exposed  ledge  in  the  bed  ot  c,t««i\.^  vX^otxsX  ^^^ 

tlM#  1^  ^  feet  at  bottom  will  create  a  're*eTNo\x  ol  «\>o>iX.  ^^  ^^va*^^ 

htad  approximately  200  mUUon  cv\\>Vc  IwX.  ^1  ^*X«.    t>afe 
'T  be  about  $320,000,  and  ot  roaexvo\x,  %*iQ,^Wi  ^^^\\.\ati^\. 
0,000 -^  200  =  $1,700  per  mVUVcm  cuX^Ve  l<i^t. 
[219] 
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TlM  maziiiVBi  ooot&knt  flow  wUb  tttdftige  wttuld  not  exceecl  6$  cnl>le  teet  pn 
•econd.  Tbli  eouM  Im  UttUste^  to  b^st  nil  vantage  h;  buildtng  a  {M^wer  ataUnn  it 
foot  of  fallt  near  tlio  b^u^  In  WI«^oy  vlHAgf.  aliout  4,ooo  feet  betoir  tlit  dcsL 
where  a  liead  of  IM  feet  eouLd  b«  obtaltii^d  for  »lx  montb^  and  Tarjlns  from  IM 
'feet  to  74  feet  for  the  batoned  of  the  year.  This  would  she  D05  Uors^  rower  M 
76  per  cent  eflt^mcy  f^r  llx  months  und  range  from  005  to  434  horse  pow^r  (or 
the  other  tbt  menthm  wiftb  im  avemge  for  the  year  of  T9T  hon»c  powet.  Iht 
aMitleiial  eoet  of  devvlopint  thiu  power.  i^eladiciK  p^tifttock.  pow^r  botttt«v  met&lAtt;, 
ewttehhoard  jmd  necewery  power  ri^tita  AnFill  b^^  ap^rozi^nt^  , 
total  of  f4M,000,  or  fMO  per  tatf^d  horse  power  of  plant.     ^ 


It — JtiMh  Cfrtek,  Sume. 

Bueh  creek  rleee  about  55  feet  to  the  mile,  md  the  baolai  tre  ffom  <MKI  to 
feet  aparty  eo  that  It  la  qiiltc  wi&mt  do  stcftag^  reiprrolr  of  larfe  eac»^tj  oodSS 
be  eoaetraeted  without-  too  Er«at  an  eKpenae  for  dftm. 

The  moot  fhrorahle  location  noted  for  the  dam  H  n^er  the  roed  cro^lns  aboft 
new  Brie  railroad  treetle  atid  aboot  4^  mllea  enat  from  tbe  Genesee  rJvrr,  wiim 
the  drainage  area  to  8T  ■vtare  mtles.  An  ^nrtii  dum  about  iO  feet  hi^&  and  6O0 
feet  long  wtth  anaonty  eplUway  <?ouid  be  conatructt^a  for  upproximatvlr  f2^.ooi!i 
cnatftBff  a  reeerfolr  of  .07  vqu^re  mtica  in  areii  and  of  30  miuioii  euhk  tM 
eapadty  at  eoe(  for  land  of  H.om,  making  a  tt^tal  co^t  of  f32,0oo  or  |i,ogs  p« 
■dfiloa  enMt  toet  ef  eCoMge. 

The  r^nilated  ftow  would  be  21  ^\iM^  feet  ppr  second  and  could  be  used  undrf  t 
40  faet  head  for  els  aMnth«  end  then  verrlng  from  4n  foet  to  0  for  the  baJimet 
eC  the  year.  Thto  woold  give  72  bor*e  power  net  for  six  montbs  and  wmj  fraa 
72  hovae  power  to  0  fpr  atx  months,  wtth  an  average  for  the  year  of  S4  htom 
powei;  The  eddttlonal  eoat  of  dereloptng  thla  b  power  stattmx  at  tbe  deM  woalt 
;  a  total  of  ffiT.SOO,  or  IS^r^  per  rated  horse  power. 


3. —  Cold  Creek  and  Sim  Town  Creek,  at  Humv,  K,  T. 

The  only  possible  dam  site  for  pond  water  from  both  creeka  Is  Jnst  above  tte 
village  of  Hume,  about  ^^  ml\&  below  tbe  Junction  of  Cold  creek  and  Six  Tinm 
creek,  and  about  2^  miles  wt^at  of  this  Geneae^  Hver  whore  th&  dratna.se  arM  h 
40  square  miles.  The  foundation  la  of  cUy  and  in'^TeL  A  dam  bere  would  It 
about  500  feet  long  at  base  and  1,000  fe^t  long  at  creat  with  a  Diax:lmiun  bd^ 
to  10  feet  above  water  level  of  65  feet, 

A  masonry  spillway  will  he  provided  about  100  feet  long.  Tbts  dam  weidd 
create  a  reservoir  of  .2  square  mJle  In  area  and  eontain  105  mtllton  cnbtc  feti 
The  cost  for  this  dam  would  be  f 350.000,  and  for  the  reservoir  flOpOOO  addltlopiL 
making  cost  per  million  cubic  feet  stored  f7^4T0, 

The  maximum  regulated  flow  would  be  28  cubic  feet  pet  eecaDdt,  end  oonld  bi 
utilized  In  the  power  station  at  dam  undtfr  head  of  55  feet  for  Hv^e  raontbi  lei 
from  55  feet  to  0  for  seven  months,  giving  130  borse  power  net  for  five  montht  ud 
varying  from  130  to  0  for  sfven  months,  with  average  for  the  year  of  ©2  bowt 
power.  The  additional  cost  of  developing  tbia  power  would  be  nt  least  IT^SflOl 
making  tbe  total  cost  of  development  1207,500,  or  f 2,050  per  rated  horse 
developed. 

4. —  Caneadca  Creek,  Caneadea,  y.  F. 

The  most  favorable  site  upon  this  creek  la  about  two  mllea  west  from  th« 
river  near  the  head  of  Canefi.dea  gorge,  which  la  alwiut  3,000  feet  lonjr  with  pif' 
cipitous  sides  of  disintegrate^!  b^]ate  over  200  feet  In  height,  drainage  area  63  aquAit 
miles. 

The  site  selected  would  require  a  dam  about  75  feet  long  at  base,  end  Z25  fo^ 
more  or  less,  at  top,  and  would  noed  to  be  Si  feet  bl^b  above  exposed  ledgv  tt 
furnish  reservoir  of  sufficient  slxe  to  give  eomplete  reguUitlon  In  the  average  y«r. 
The  cost  of  this  dam  is  estlniHted  at  ¥200,000.  and  it  would  create  a  r^rnlr  ^ 
about   .9  square  mile  surla*  ►i  wrea  wvA  V.^S'  c^A\til<>  feet  ca^nctty*  citatM 

for  land,  etc.,   $50,000,  maVins  «ie  ttiVt\  -^it'^QU  Vi^^S**^^  ^  nff^ 

per  million  cubic  feet  atored. 
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Two  schemes  are  considered  In  developing  the  powev  here.  One  to  build 
power  house  at  foot'  of  rapids  and  at  the  head  of  the  Gleason  mill  pond,  the  other 
to  build  power  house  at  foot  of  rapids  below  the  Gleason  mill  privilege,  con- 
ducting water  in  either  case  by  means  of  a  long  penstock. 

The  head  under  the  first  scheme  would  be  125  feet  maximum  and  41  feet  mini- 
mum, and  would  give  with  the  regulated  flow  of  70  cubic  feet  per  second,  a 
maximum  power  of  745  net  horse  power  at  switchboard  and  a  minimum  of  245 
horse  power  with  an  average  of  495  net  horse  power  for  the  year.  This  would 
coat  about  $53,000,  including  4,000  foot  penstock,  power  station  and  machinery, 
making  the  total  cost  of  development  $303,000,  or  a  cost  of  $407  per  horse  power. 

Under  the  second  scheme,  the  head  would  be  185  feet  maximum  and  101  feet 
minimum,  giving  a  maximum  power  of  1,100  net  horse  power  and  a  minimum  of 
600,  with  an  average  of  850  net  horse  power  on  switch  board  for  the  year.  The 
cost  of  developing  this  scheme  would  be  $117,100  additional,  including  9,000  foot 
penstock,  power  station  and  machinery  and  water  power  rights  at  Gleason  mill, 
etc.,  making  the  total  cost  of  development  $367,100,  or  a  cost  per  rated  horse 
power  developed  of  $384. 

6. —  Black  Creek,  Belfast. 

At  a  point  1^  miles  west  from  the  Genesee  river  where  the  drainage  area  is  30 
square  miles,  a  low  earth  dam  30  feet  high  and  about '320  feet  long  with  masonry 
spillway,  could  be  built  raising  present  water  level  20  feet  at  dam  and  creating 
a  reservoir  of  .04  square  mile  area,  which  would  contain  11.5  million  cubic  feet, 
costing  $12,500  for  dam,  and  $2,500  for  land  for  reservoir,  making  a  total  for 
Storage  of  $15,000,  or  $1,300  per  million  cubic  feet  stored. 

The  regulated  flow  would  be  13  cubic  feet  per  second,  which  could  be  used  prac- 
tically continuously  under  20  feet  head  and  develop  22  net  horse  power  at  dam, 
at  a  cost  of  $1,460  additional  or  a  total  cost  for  development  of  $16,460,  of  $750 
per  horse  power. 

6. —  Black  Creek,  Belfast,  N.  Y. 

At  a  point  three  miles  from  the  Genesee  river,  there  is  a  narrow  section  Just 
below  Rockville  reservoir  where  a  large  reservoir  could  be  secured,  but  at  an 
enormous  cost  on  account  of  expensive  dam  and  very  expensive  relocating  of  the 
Pennsylvania  railroad  and  also  the  new  Erie  railroad  cut-off  which  is  now  being 
built  up   this  valley.     The  drainage  area   is   26  square  miles   hero. 

The  dam  designed  for  this  location  consists  of  a  masonry  spillway  on  main 
stream  70  feet  high  and  70  feet  long,  flanked  by  earth  abutments  130  feet  long 
and  an  earth  dike  3,000  feet  long.  This  would  create  a  reservoir  of  about  one 
square  mile  in  area  ^  and  of  538  million  cubic  feet  capacity,  and  would  cost 
f 263,000  for  the  dam  and  $48,000  for  the  land,  making  a  total  of  $311,000 
or  $580  per  million  cubic  feet  stored,  exclusive  of  cost  of  relocating  railroads. 
Estimating  the  relocation  of  12  miles  of  railroad  at  $50,000  per  mile  would  bring 
the  total  cost  of  reservoir  and  dam  to  $911,000,  or  $1,680  per  million  cubic 
feet  stored. 

The  regulated  flow  is  27  cubic  feet  per  second,  and  this  could  be  utilized  under 
a  maximum  head  of  80  feet  and  a  minimum  head  of  20  feet,  by  building  power 
station  about  800  feet  below  the  dam.  This  would  give  a  maximum  horse  power 
of  184  and  a  minimum  horse  power  of  46,  with  an  average  power  for  the  year 
of  115  net  at  the  switch  board.  To  develop  this  would  cost  $14,000  additional 
for  penstock,  power  station  and  machinery,  making  the  whole  development  cost 
$925,000,  or  a  cost  per  horse  power  of  $5,000. 

T. —  White  Creek,  Belfast,  N.  Y. 

The  total  drainage  area  of  White  creek  is  only  16  square  miles,  and  as  it  risea 
sboot  80  feet  per  mile  for  the  first  six  miles  with  an  average  width  between 
high  banks  of  from  300  to  600  feet,  it  is  evident  that  no  reservoir  could  b% 
constructed  of  sufficient  size  or  at  a  low  enough  cost  to  be  cot\«\^«t«^. 
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B.^-AnpHit?a   Crt€ft^  Angelica,  jV,    T. 

Tbere  J*  no  dani  irite  hvlQv  the  Junction  of  Baker  uid  Aiis«He&  cr^ek*.  JiM 
aboTe  tiie  JiniFtLon  of  tbf^se  crHPks  And  below  Aitg^Uca  on  Arv^ellca  crrvk  U  « 
d*?*p,  narrow  gofge  throUffb  which  tbc  creek  flaws  over  m  aeries  of  f«Jl«- 
WQUM  make  t  good  dam  slie,  lind  th^rc  would  be  &  lar^e  reservoir  aborr,  but  11 
would  eomptetHf   wipe  out   the  vUJ«|ti^  of  An  gel  lea   of  about   1^200  Inhabltanta. 

The  Pittsburgh,  Shawmut  k  Northera  raliroad  also  nina  nearly  the  wbol*  Itriftt 
Of  tb€  vaJley,  and  would  Lav*  to  be  relocated.  A  rea^rvolr  liere»  therefore,  ro«!j 
Dot  he  conatructed  for  anj-tbtng  like  a  reasonable  figyre^  eren  If  ftuthoritj  could  b* 
Obtained   to  do   It^   wlikh  la  ver;   doabtful. 

Tb«  drainage  area  is  05  aquare  mtka  above  the  gorge.  A  dam  to  close  tlili 
gorge  woo  Id  be  of  masotirj  about  7B  feet  on  the  bottom,  and  200  feet,  moft  *r 
lesn.  at  The  top.  and  to  feet  high.  Ati  earth  dike  400  feet  iong  wJtti  &  maxtmadi 
h^flght  of  Hn  feet  would  alao  be  reqrtired  to  close  the  gap  throuffli  which  t&* 
mi  road  now  mna. 

The  m&ln  d&m  would  e<mt  not  leaf  than  IdG^OOOr  *ail  t^t  tftrtb  dike  aboat 
f  KJ.QOO.  Tl)e  reaen'otr  created  by  Ihi^a^  dam^  woiitd  be  tbotjt  balf  a  M|t|Arv  lolU  la 
area  and  eontatn  310  EnllUon  cttbic  feet  of  water. 

Estimating  the  land  for  n?«erTotr  at  fl*0O0  per  ttcre.  aa  It  is  proctlcsllr  all  t? 
the  Tillage,  and  the  railroad  location  at  150,000  per  mile,  and  the  bnlldlfiffi  Iej 
the  vl tinge  at  |!300,0(K>»  tbe  coat  for  reaerfoir  would  be  1 7 20,000,  or  t  total  r^t 
for  tbe  storage  reservoir,  including  tUi'  dam  and  diko,  of  f $01 ,000.  tuakinf  tJi« 
coat  per  million  cubic  feet  stored  |2.ri40. 

The  mail  mum  conatant  flow  of  »torag€  li  eat  S  ma  ted  at  57  cubic  feet  per  acocia4 
and  If  the  power  station  ia  located  at  ftHjt  of  rap  Ida,  a  maxlmnua  tset  h^ad  of 
09  feet  eould  be  obtained  for  Fix  tnontha  in  the  rear  witb  a  fnlolusum  ntt  head  ef 
4£l  feet.  Tbe  t^^^'^r  ^^^  ^^^  months  would  be  460,  ruid  rarjlng  the  otber  alx  taontki 
from  400  to  tilT,  making  an  average  for  tbe  ,vear  of  iOO  net  borae  ^wtr.  Tft< 
eatlmated  cost  of  deTotoplng  tbla  would  be  $2^00  additional  for  2.0O0  feet  «f 
penstock,  power  station,  and  tuachlnery,  makla^  a  total  cu*t  for  deTn|i;ttiiii^t  ol 
$B3O,O0O,  or  |1,S00  por  rated  horse  power  developed. 

fl, —  VaPtstra  Urcek,  Bfividtrr,  N.  Y. 

The  Erie  railroad  from  Cuba  to  Belvldere  parallela  tbla  crepk  for  Ita  wboSt 
lengtti  and  as  viewed  from  the  train.  It  did  not  appe^ir  feasible  to  locate  a 
reservoir  of  any  alEe  on  tbla  creek.  The  valley  la  uniformly  wide  ^rom  600  t» 
1,000 1  acid  with  a  deacent  of  from  30  to  50  feet  per  mile.  The  di^lnage  area  li 
fi9  aqua  re  mElea, 

10.— Phmip9  C?rec*,  Belmmt,  i^-  T.  *    " 

I  did  not  go  nj>  this  creek  personally ,  hut  from  descriptions  of  residents,  dfl  uflt 
b«lleve  there  ia  anything  In  It  of  value  for  atorage  purposea.  It  Is  said  to  ** 
a  rapldJj  running  atream,  flowing  through  several  narrow  gorgi^a  witli  no  Isrft 
areas  between,  ail  It  able  for  reservoirs.  Tbe  total  drainage  area  Is  only  W 
square   ml  lea. 

lU—KnIffht  Crttk,  Sdc,  N.  T, 

Tbe  total  drainage  area  of  Knight  creek  Is  only  24  square  mites,  and  at  zto 
dam  site  or  reservoir  alte  could  be  found  within  a  mile  and  a  half  of  tbe  moatl 
and  aa  tbe  watershed  above  that  point  la  so  amall,  it  wsa  quite  ei^ldent  tkat 
nothing  of  value  could  be  found  above  there,  I  did  not  therefore  Inveatlgati 
any  further.  _ 

12. —  ronrfermarJfe  Cretk,  Sfi^,  K.   T. 

There  id  a  possible  reservoir  alte  abottt  two  mtle«  up  from  thm  river  where  * 
reaerrolr,  «ar,  1  mite  long  and  from  4 (Mi  to  Htm  feet  wide,  making  a  surface  atit 
of  ^114  mile  and  averaging,  «ay,  10  feet  deep,  coutd  be  aecured  by  building  a  dan 
approitmntely  SO  feel  high,  from  00  tu  Tr*  feft  long  at  the  base,  and  from  IS* 
to  200  f(>et  long  at  the  ti^p  at  lM'fti\  j|P^BB|<  '^^^  l<avv^t\ft.(Ltou  for  the  dam  wwM 
ht  of  dislntegmted  slali*. 
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The  dam  ts  estimated  to  rost  not  l^ss  than  178*0-00,  and  wo\]li|  eroate  a  reservoir 
of  30  E&UUon  cubic  fe^t  capucltj,  Th^  cost  for  land  for  reserroLr  U  fstimatiHl 
at  $5,600,  making  a  total  co^t  for  storage  of  183,600,  or  a  coat  of  12*7^0  per 
mlJIJon   cubic   feet  stored. 

The  drainage  area  above  dam  la  ID  aqua  re  mtleSt  and  the  RULxtmum  conftJint  Qow 
Im  estimated  at  onlj  11  tahlt  feet  pef  aeeond,  Thla  could  b<?  utKiied  under  a  head 
of  TO  feet  for  ali  monlba  and  vary  log  from  70  to  20  feet  for  six  months  bl 
carrjlng  penutock  about  1.000  feet  down  tbe  «trearo  to  the  power  station. 

The  majlnium  liorae  power  would  be  flS  and  the  minimum  IS,  giving  an  average 
for  the  jear  of  53.  The  cost  of  developing  this  power  would  he  $0,800  aildltlonal 
for  penstock^  power  etatlon,  and  machinery,  maklug  the  total  cost  of  development 
f90,400r  or  a  coat  per  rated  horse  power  developed  of  $1,390, 

IE.— Duke   Crtek,    WmtviUt,   N.    Y.  1 

The  valley  of  Dyke  creek  would  make  an  admirable  reservoir,  &a  It  Is  broad 
and  flat  and  the  land  Is  practically  worth  If^sa  except  for  a  larj^e  ail  piinipUiff 
•tAtlon,  but  there  It  no  suitable  dam  Mte,  The  point  selected  aa  the  moat  favor- 
able for  dam  la  about  1  mile  east  of  the  Genesee  river  aud  aa  estimated  conatsta 
of  a  matonry  aplllwaj  200  feet  lon^  and  an  earth  embankment  1,300  feet  long 
and  SO  feet  lilfh  to  the  flow  line  with  a  maximum  height  of  60  feet.  This  would 
create  a  reaertrolr  of  .30  square  mile  In  area  and  of  approzlmatet?  2O0  million 
cubic  feet  capacity. 

The  cost  of  datn  would  be  not  lejia  than  $370,000,  and  the  cost  of  land  for 
reaervolr  exctusire  of  moving  railroad*  roadjs  and  pumping  a  Cat  Ion «  would  be 
f  11, GOO,  making  $3^1,000  total,  or  $l,nQS  per  million  cubic   feet  stored. 

Estimating  the  cost  of  moving  Erie  railroad  about  three  mllea  at  1150,000,  two 
miles  of  highway  $2,000,  and  moving  oil  pumping  station  $50,000,  the  total  coat 
for  storage  would  be  about  |A80,0O0,  or  a  OQ&t  per  million  cubic  feet  stored  of 
12.900. 

Tbe  dralnaffe  area  li  T2  aqua  re  miles,  and  tbe  estimated  const  ant  flow  S2  cubic 
feet  per  aecocd.  This  could  be  used  under  a  bead  of  50  feet  for  four  months  and 
witli  a  varying  head  from  50  feet  to  0  for  eight  mcinth»,  fumlafaln^  220  horse 
power  at  awUeh  t)oard  for  four  months  and  an  average  of  110  borse  power  for 
elffht  montha,  or  an  average  of  146  hor^ie  powpr  for  tbe  year.  The  additional  coat 
of  developing  this  for  power  station  and  machinery  la  estimated  at  $9,000,  making 
a  total  cost  of  $58O,00O»  or  a  c^ost  per  horse  power  of  $2,070. 

14. —  Ifdla  fifrrojn  of  the  Cmcfre  Etrer  of  One-Half  Mile  AJ>GV€  ^cfOj  F.  T.  ^ 

A  maaonry  dam  10  fet^t  high  and  about  150  feet  long  could  he  eonatructed  at 
thla  point,  but  as  It  would  Rimply  r:Use  the  water  In  the  main  stream  over  an 
area  of  about  .025  aquare  mile  and  would  hold  only  3H  Eatlllon  cubic  feet  of 
water,  It  would  bare  no  value  as  a  storage  reservoir.  The  cost  of  thla  dam  Is 
eaMmated  at  $6,000,  and  the  land  at  $1,500,  making  a  total  af  |7,S00«  or  $2,100 
per  million  cubic  feet  of  storage. 

The  drainage  area  Ik  205  square  miles  and  the  mail  mum  constant  flow  not 
more  than  US  cubic  feet  per  second,  This  would  give  constantly  100  net  horsa 
power.  The  coat  of  developing-  this  power  Is  $5,400  additional  for  power  station 
and  machinery t  making  a  total  of  $12,000,  or  $120  per  horse  power  developed, 

15.^ — Main   Stream  a/  the   QeneBee  /ffrcr  Alfoa*  One  ttnd   One  Half  MHe»   Below 
Wellarine, 

A  dam  at  this  point  would  have  to  be  at  least  1,500  feet  In  length,  and  as 
estimated,  couslata  of  a  masonry  spillway  section  In  present  channel  200  feet 
long,  20  feet  high,  and  an  earth  embflnkment  1,300  feet  long,  20  feet  high.  This 
would  flow  the  valley  approxlmntely  10  feet  deep  for  1%  miles  upstream,  and 
from  ^  to  Vi  of  a  mile  wide,  making  a  reaervolr  of  about  ,28  square  mile  to 
area  and  about  7S   million  cubic  feet  capacity. 

Tbe  cost  of  dnm   wotild  be   at  least  $81,000.   and    the  cost   of  land  at  $100  get 
mere  $20*000,  making  tbe  total  cost,  exclusive  of  the  mo^Vni^  Tii\\tc»^tia»  «i\«i.,  W^V^- 
000.    or   a    cosf  per  mUHon   cubic   feet   stored    of    ?l,3CyO.     ^%Um6A.Va^  l^vt   twX  «*t 
mtfrfog  m    miiPB  of  the  new    Buffalo   and  Busqu^baiVTia  taWio^il  bA  ^QK^.Wiia  ^CtA 
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total  cost  for  relttpisetiL  wouJ4  be  a{>praxlinatel;  |1 00^000,  at  a  east  |>tf  uiitUoo 
galloaa  »tor«^  I  flf»030.  Tbv  droJua^e  areA  at  tMs  pQlf^t  l»  2ftd  ««ua£«  mUfit, 
Bjid  tlie  regi        d  dow  155  cubic  feet  per  accond^ 

Tbe  hea<|  powe^  purposes  wQuld  b^  20  fe^t  for  five  mcmtlis  In   th.«  je&r  and 

would  vnry  ^miu  2U  fi^et  to  0  for  K'Vgh  mi^nths,  giving  260  net  li0£9e  pfiwer  for 
nve  montlia  and  v^ryJ&K  f^om  260  to  0  for  seven  luontbat  mAkluff  Aa  avcf&ffe  iot 
tb(^  ji'Cir  of  183  Dpt  hQTis  pownt.  The  co^t  of  develop iti£  tills  power  I0 
&t  $17,400  tor  pQwer  stAUon  ajid  luachltieryi  ntnkiiDff  a  totnJ  cost  tor  derel^ 
of  llTTr^OO,  or  a  cost  per  rated  borijc  power  developed  of  |36C 


eUipAtt^_ 


10*- — Main  Btrviim  of  tA«  Qfwesce  Elver  Atiout  P&ftr  Miles  AUov^  MtlUttiliA. 

A  ^aru  dsslgiiL^d  for  thitt  tsarroir  potnt  In  the  ¥alle^'  e^Dadsta  of  &  mt^miTj  ^klll- 
way  GO  feet  blgU  and  200  fet*t  lotitf,  and  lui  eartii  emtjunkaicnt  1,S00  fet't  limf 
witH  a  m&^tlnLvum  IieJgtit  of  00  feet.  Tbls  would  Qow  »  irronii  vallpy,  eftj,  1  mtl* 
wlile  In  Its  wLdi>ii£  part  and  about  2  luUew  long  to  a  maximum  depth  of  50  ^*t 
(Wid  HA  ttverft^e  depth  of  20  feet,  Ijavlnjf  a  surface  area  of  approxlmatetj  1*6 
iQyare  nUles  aud  a  capacity  of  Sr^O  mJllJon  ''■^blc  feet. 

TJl«  cost  of  dam  t£  esttmaled  at  $3T0,0C  and  of  land  for  reserrntr  $7&»00li^ 
Ihi^  moving  of  Buffaio  &  SLisquebanna  mil  id  4  miles  f200,0(M\  tbe  r^locaUcn 
of  C  miles  of  litgl)H»j  ?5«000,  mfUtin^  a  t  1  cost^  exclualve  of  inovin^  ritiir<^d 
lutd  bigbwA^fl,  of  |^ijo,0i90r  or  f &22  per  tMu  iQa  cubic  f^et,  and  n  total  covt  of 
|60O,i*0U,  Ui eluding  removal  of  rtiilroad"    ^*f*    -yr  $765  per  million  cubic  feet  *;oped. 

The   drains  fie  area   at   ihln  point   Is  ilB^re   miles,   and   the   eatimatj?d   lamsi- 

muiu  eoxistant  How   loO   cubic   feet  per  ,   wMcU  couLd   be  utUlzed   at  a  hje^ 

of  DO  feet  for  three  tDonths  and  Tarjij  &0  feet  to  0  for  nine  montluct  ei^lttg 

04 0   hof^e  power   for  three   monthe  iu  nff  from  040   to   0    for   nine  moiitli% 

makhie  an   average  for  tbe  >'ear  of  4*..   »ar»e  pawer.     The  cost  &t  de^elrrpinc 

power    «sonld    be    ^^24,000   additional    for   power    slatlon    anJ    laacblnery, 
total   coat   of  1674,000,   or  a    coat  of  $1,DS0  per   rated   boree  power. 

Ttie  vallej  above  thip  paint  1b  verj  brodd,  fijid  no  other  possible  dara  iltea  i 
found  in  tha  sli  miles  between  here  and  llic  riainsjlvanla  Stale  line.  ^Jo  inTntl- 
gatlon  waB  made  for  Crjder  creek,  or  the  main  stream  above  the  State  line,  at, 
of  course,  New  York  would  have  no  authority  to  Interfere  with  PannaylTaals 
streams. 

The  figures  given  in  the  previous  descriptions  are  shown  In  taboiar  farm  li 
tables  No.  1  and  No.  2,  below. 

Table  No.  1  shows  the  drainage  areas,  capacities  and  cost  of  atorase  reser- 
voirs, together  with  the  ratio  of  cost  of  each  reservoir  Investigated  to  Batter^ 
estimate  of  cost  of  storage  per  million  cubic  feet  at  Portage. 

Table  No.   2   shows  the   regulated   constant  flow   that  can  be  maintained  with 
maximum   and    mhiimum    head ;    maximum,    minimum,    and   average    horse   powei^ 
cost  of  whole  development  provided  power  is  developed  in  connection  with  atorsge     ! 
reservoirs,  cost  of  development  per  rated  horse  power  of  plant  and  ratio  at  eoit      j 
to  cost  at  Portage.  I 

CONCLUSION.  ; 

It  will  be  seen  from  an  inspection  of  these  tables  that  the  reaerroir  site  it 
Caneadea  creek  is  the  only  one  of  all  those  investigated  that  offers  any  prooilse 
whatever  as  a  storage  reservoir,  and  that  the  capacity  is  only  6  2-«3  per  cent 
of  the  Portage  reservoir,  while  the  cost  for  storage  as  estimated  is  1.44  times 
the  Portage  reservoir  cost  per  million  cubic  feet. 

The  water  power  at  this  site  could  be  developed  at  lower  cost  per  hone  power 
than  at  any  of  the  other  locations  above  Portage,  excepting  only  the  very  small 
power  on  the  main  stream  at  Scio  where  100  horse  power  could  be  developed  for 
$129  per  horse  power,  but  the  maximum  constant  power  to  be  obtained  is  only 
2  per  cent,  of  that  obtainable  at  Portage,  and  the  cost  is  38  per  cent,  greater 
per  horse  power. 

The  total  combined  storage  capacity  of  all  twelve  reservoirs  estimated  npoa. 
which  are  all  that  could  be  found  on  a  two  weeks'  reconnolssance.  Is  only  3^8€3 
mllUon  cubic  feet  or  22  per  cent,  of  the  Portage  reservoir  capacity,  while  tht 
fotaJ  cost  Lb  1.65  times  mote  tUaix  ^x.  -p-*"— >-  ^aWm^x.^^  1»t  ^^tU«^  I 

The  cost  per  mllUon  CTibVc  teet  bIot  "**  ^^Wm»\.^\sj  >fcx,^^jfiiaB.^   i 

189e  to  be  1173.  while  the  coat  <  ^^^^  ^^  «««a.^\5^  ^js«.^m 

91,200  or  6.84  timea  as  great* 
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The  maximum  horse  power  that  could  be  developed  from  all  twelve  reserroirs 
Is  estimated  at  3J03  net  horse  power;  the  minimum  horse  power  being  1,082 
and  the  average  for  the  year  being  2,847.  The  total  c6st  of  developing  this 
power  In  connection  with  the  storage  reservoirs  is  estimated  at  $4,400,000,  or  a 
cost  of  $1,190  per  rated  horse  power.  The  minimum  T-day  24-hour  horse  power 
at  Portage  is  estimated  by  Mr.  Freeman  at  30,000,  or  about  28  times  the  amount 
estimated  for  all  twelve  reservoirs,  or  in  other  words  the  minimum  power  for  all 
twelve  reservoirs  is  only  3.6  per  cent,  of  that  at  Portage.  The  cost  of  develop- 
ment at  Portage  without  transmission  is  estimated  by  Mr.  Freeman  at  $277.00 
per  horse  power,  making  the  cost  of  development  for  the  combined  twelve  reser- 
voirs to  be  4^  times  the  cost  per  horse  power  at  Portage. 

The  value  of  water  power  to  be  obtained  from  a  storage  reservoir  operated 
primarily  to  regulate  the  How  of  the  stream  cannot  be  equal  to  one  operated  for 
power  purposes  only. 

In  the  first  case  the  intention  would  be  to  so  control  the  outflow  as  to  give  as 
nearly   constant  flow  as  possible  regardless  of  head  in  reservoir. 

In  the  second  case,  the  maximum  power  could  be  obtained  by  using  the  power 
Intermittently,  never  drawhig  the  reservoir  down  beyond  the  point  where  It  would 
not  replenish  itself  t)efore  time  to  start  up  again.  The  flow  in  the  stream  below 
would  consequently  be  very  erratic,  but  by  operating  a  number  of  reservoirs  in 
conjunction  during  season  of  low  water,  it  would  be  possible  to  keep  the  power 
practically  constant  for  the  twenty-four  hours  and  much  higher  than  would  be 
possible  by  operating  each  independently.  By  operating  in  this  way,  the  mini- 
mam  and  average  horse  power,  as  calculated  in  the  above  table,  could  perhaps 
be  Increased  somewhat,  as  the  figures  in  the  table  are  based  on  using  reservoirs 
to  best  advantage  for  steam  regulation.  The  maximum  horse  power  given,  how- 
ever, would  not  be  changed  by  this  method  of  operation,  and  as  the  cost  of 
development  per  rated  horse  power  is  calculated  upon  this  maximum  figure,  the 
conclusions  as  to  value  of  power  would  not  be  changed. 

Considered  from  the  hydraulic  standpoint  alone,  I  think  that  we  may  say  with 
perfect  confidence  that  the  Lord  Kelvin  plan  is  not  feasible  and  could  not  with 
any  reason  be  considered  as  an  alternative  to  the  Portage  project. 

In  considering  the  electrical  features  of  the  plan,  I  would  naturally  hesitate 
to  criticise  anything  suggested  by  so  eminent  a  scientist  as  Lord  Kelvin,  but  the 
scheme  of  direct  current  transmission  as  outlined  in  the  Rochester  Democrat  and 
.Chronicle  of  May  3,  1902,  is  certainly  not  feasible,  and  it  is  contrary  to  all 
accepted  ideas  of  transmission   and  utilization  of  electrical  energy. 

As  Mr.  Uollis  French,  the  well-known  consulthig  engineer,  suggests  in  a  recent 
personal  letter,  the  reporter  must  have  misunderstood  Lord  Kelvin,  and  that 
Instead  of  direct  current  the  new  "  constant  current  system  '*  must  have  been 
intended.  Extracts  from  Mr.  French's  letters  in  which  he  states  some  of  the 
flaws  in  the  direct  current  plan  and  also  outlines  the  *'  constant  current  system,** 
are  given  below,  as  also  a  brief  resum6  of  the  Lord  Kelvin  plan. 

As  the  hydraulic  development  of  the  so-called  Lord  Kelvin  plan  Is  the  con- 
trolling feature,  and  this  is  found  to  be  Impracticable,  it  would  not  seem  worm 
while  to  go  very  deeply  Into  the  electrical  part. 

Respectfully  submitted, 

OBORGB  O.  SHBTDD. 
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EXTRACTS    FROM    LETTERS    OF   MR.   HOLLIS    FRENCH    TO    GEORGE 
G.  SHJ33D,  REI-ATIVE  TO  DIRECT  CLTRRENT  TRANSMISSION. 


With  feftfd  to  tbe  plan  of  electrlc&l  tranimlMldii  of  power  proposed  bj  IjoH 
KeJvlQ  in  ihJa  case,  one  re<?ogiilEea  wllb  illfflculty,  from  the  (l^acrfpUon  In  thr 
newspaper  art  lei  e  mtiinllted,  any  bo  own  BrBtem.  From  Lord  KelTlo't  aitituM 
la  other  inatterA,  buwever,  there  1b  reason  to  btlieT©  that  he  refers  to  the  ■* 
galled  direct  or  contlouous  cons  taut  current  ay  ate  m  of  tran^mU^^m  aa  dl> 
tln^Uhed  from   that  maMlag'  n»tt  ot  aiternatliis  current  at  conatJEiiit    potential 

Ignoring  the  reporter's  locohvreat  dea^jrlpUon  of  the  plan,  U  mar  lie  aald  that 
the  direct  current  sjitem  haa  be«a  discussed  eonelderabljr  En  Europ%  wberc  Jt# 
Snoit  ardent  advocate  la  M,  fieoe  Tbury,  chief  engineer  of  the  Catnpagnle  at 
L'lndufitrle  Electdque  et  MecanMme  of  GeneTa.  Largely  through  his  efforts  at 
li^aat  two  ptanto  liaTe  been  Ingtalled  <m  the  Continent  wbei«  this  sjsti^  has  been 
adopted* 

One  of  tbese  planta  anppUea  the  town  of  Lansatine,  Swltaerland,  with  dln«i 
current  transmitting  a  bo  at  &,00a  b.  p.  from  BU  Maurke^  a  distance  of  35  mllMt 
■  t  23,0OU   t.  potential 

The  other  plant  tranamlta  several  thoujiand  borae  power  at  00^000  t.  frvm 
Montlera   to  Lyona^   France,  a  dlatAnce  of  110   piUes. 

Tbls  plan  baa  also  been  conaldered  for  the  great  Victoria  Falls  project  whrrt 
from  150^000  V.  to  200,000  v«  have  been  figured  on.  At  the  preaent  time,  how* 
«¥er.  It  IB  belle  Ted  that  the  Lyons  project  above  referred  to  la  the  largest  and 
moat  Importani  tranamlaalon  of  this  kind  ever  attempted,  thoni^h  bqios  Interestiof 
experiments  were  carried  on  at  Geneva  a  few  years  ago,  nslng  dl^^ct  corrtat 
at  ae?eiity  thousand  volts  potentlaJ. 

It  cannot  be  aald  that  the  majority  of  englD<!er^,  particularly  In  this  eountrf, 
consider  this  acheme  very  serloualy,  hut  It  njuat  be  admitted  that  It  has  mtU« 
autOclent  hf>adway   li^    Europe  to  he  entitled   to  a  good  deal  of   thouglit* 

Briefly  deacHbed*  It  Is  a  ayatem  using  direct  current  at  a  constant  strengtb 
with  a  Tarylng  potential,  Juat  as  la  uaed  on  ihe  dlre<rt  current  arc  system  (■ 
operation  In  thU  country  thotigh  on  a  dl Cerent  acale.  It  la,  therefore*  quite 
the  reverse  of  the  conatunt  potential  system  where  the  current  varies  with  tli* 
toad* 

For  fong  distance  transmission  of  any  size  It  meantf  that  a  lar^  nnmber  oC 
generating  units  muat  be  used,  connected  In  series.  Each  dynamo  generate!  > 
constant  current  at  a  certslo  Toltage.  Two  will,  therefore,  generate  the  sacie 
current,  and  when  connected  In  sertea  will  double  the  voltage.  Three  will  glvi 
thrice  the  voltage,  and  so  on,  tbe  current  remalaing  at  constant  strength . 

The  line  voltage  la  tbua  ralaed  by  the  necea»ary  addition  of  generating  nalti 
to  a  point  as  hlgb  as  la  dealred  for  the  tranmlsafon. 

Tbls  plan  poaseaaea  the  great  disadvantage  of  requiring  a  large  number  0t 
gcoeratlug  unlta,  which  Is  thus  quite  the  reverse  of  modern  practice  of  uslnf 
as  few  units  aa  possible.  It  also  has  the  obJe<^tlon  of  requiring  a  similar  numl^er 
of  unlta  at  the  receiving  end  of  the  line  to  atop  down  to  working  voltages.  Ail 
of  these  machines,  being  constant  current  dynamosp  are  of  course  provided  wU% 
commutators,  which  are  entirely  done  away  with  at  great  advantage  In  tbf 
sHernallng  current  sys^tem.  Altogether  the  number  of  machines  with  tbla  systea 
ta  greatly  In  excess  of  those  that  would  be  provided  with  an  alternating  curr«tt 
plant,  which  meana  that  door  space  and  attendance  are  at  a  maxlmnm  wttb  ens' 
ttuuous  current.  Theae  machloes,  moreover,  have  to  bo  thoroughly  Insnlatti 
froED  the  ground,   reQolrlng  very  careful  couatructlon. 

On  the  other  hand,  the  switchboard  arrangements  are  very  almple  tndeed  tai 
the  use  of  direct  current  on  the  Hue  conalilcrably  lessens  the  problem  of  la- 
aulatlon  and  strain  on  the  luiulatorsp  which  n'qirlie^  such  carefnl  coualderattds 
In  alternating  current  lines, 

A§    for    thf^   question    ot    coppfet^   tt«   ViiiM^aXAfe  \w«  V%  ^s^^^^»v^  ^jjji    to  fcr 
tmeed    whether    coostmnt    ciarreiLt    ot   iwjTis^iit   viVtn^^iai  ^  %M^I»»^^  ^M^meetK,  ^ 
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amonnt  of  fliraring  can  escape  Ohm's  law.  At  equal  maximum  yoltage  for 
a  giveii  amount  of  energy  trannmltted,  the  full  load  current  on  the  line  Is  the 
same  whether  we  work  at  ccmstant  potential  or  constant  current.  The  dlfr«.'r- 
ence  Is  that  at  constant  current  the  energy  loss  Is  constant  at  all  loads,  whJla 
at  constant  potential  the  Insulation  strain  la  constant. 

The  relative  Importance  of  these  two  conditions  at  high  voltage  remains  to 
be  determined. 

It  may  safely  be  said  that  for  the  project  under  discussion,  there  Is  no  question 
but  that  a  proper  alternating  current  system  of  transmission  can  easily  be 
worked  out  along  the  lines  of  standard  practice  In  this  country,  and  It  may  very 
easily  be  doubted  If  a  direct  current  system  would  offer  any  advantage  In  this 
case,  either  from  point  of  view  of  operation  or  of  first  cost,  especially  when 
It  Is  remembered  that  the  machinery  and  devices  required  would  have  to  be 
Imported  from  abroad  for  the  purpose. 

(Signed)         H0LLI8   FBBNCH. 
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REPORT  UPON  VALUE  OF  BUILDINGS  INCLUDED  WITHIN  THE 
LIMITS  OF  THE  PROPOSED  GENESEE  RIVER  STORAGE  RESER- 
VOIR IN  TOWNS  OF  GENESEE  FALLS,  PORTAGE,  GRANGER, 
HUME,  AND  CANEADEA. 

By  Georqe  G.  Shedd,  C.  E. 

January    24,    1006. 

Mb.   John  R.   Fbbbman,  Oonaulting  Engineer,  Providence,  R,  I.: 

Dbab  Sib. —  Responding  to  your  request  to  present  a  brief  report  npon  the 
▼Rlue  of  all  buildings  within  the  limits  of  the  proposed  Genesee  storage  reservoir 
at  I'ortage,  N.  Y.,  I  respectfully  submit  the  following  outline  and  results  of  my 
estimate. 

Bach  boose  or  building  In  the  five  towns  of  Genesee  Falls,  Portage,  Granger, 
Hume  and  Caneadea,  within  the  limits  of  the  proposed  reservoir,  was  visited 
between  December  10th  and  23d,  inclusive,  1007,  and  approximate  dimensions  of 
all  buildings  noted,  together  with  my  Judgment  of  the  value  per  cubic  foot,  guided 
by  a  carefully  prepared  and  checked  schedule  of  unit  values  for  varying  types  of 
buildings. 

The  values  of  the  buildings  thus  obtained  were  checked  In  as  many  Instances 
as  possible  by  means  of  the  assessed  valuation,  or  otherwise,  as  opportunity 
offered.  The  information  thus  obtained  is  summarized  for  the  five  towns  in  table 
attached. 

It  will  be  noted  that,  including  the  village  of  Houghton,  which  may  not  be 
disturbed,   there  arc   1,096   buildings   In  all,   classified  as  follows: 

349  dwellings. 

630  minor  buildings  connected  therewith. 

8  churches. 

9  school  houses.  , 
30  stores. 

70  other  buildings. 

These  **  other  buildings"  are  principally  small  shops,  quarry  sheds,  cheese 
factories,  saw  mills,  hotels,  etc.  There  are  no  large  manufacturing  concerns  In 
the  valley,  the  largest  being  the  new  plant  of  the  L.  C.  Roberta  Mfg.  Co.  at 
Fillmore,  where  thoy  are  just  starting  In  to  manufacture  concrete  machinery. 

There  are  two  quarrios  which  would  be  flooded  out :  The  Portagevllle  Bluestone 
Co.,  which  is  said  to  do  business  of  about  $40,000  to  $50,000  a  year  (gross  value 
of  stone  shipp(^d)  and  the  Genesee  Valley  Bluestone  Co.,  now  shut  down  and  In 
the  hands  of  a  receiver. 

The  estimated  present  market  value  of  all  buildings  in  the  five  towns  Is 
1515,626.  Adding  50  per  cent,  to  this  value  for  the  extra  cost  due  to  condem- 
nation proceedings  and  other  legal  expenses,  brings  the  total  amount  required  to 
purchase   this  property   for  reservoir  purposes   to   $773,439. 

It  will  be  noticed  that  this  value  of  the  buildings  alone  is  In  excess  of  Mr. 
George  W.  Rafter's  estimate,  in  1896,  of  the  total  land  damages  for  this  reservoir, 
which  presumably  included  all  buildings.  When  we  add  the  value  of  land  to 
be  acquired  It  will  be  found  that  my  estimate  is  more  than  100  per  cent.  In 
excess  of  Mr.  Rafter's  figures,  but,  even  with  this  marked  discrepancy,  I  believe 
that  my  figures  are  conservative  and  are  no  more  than  should  be  estimated  upon 
to  cover  all   contingencies. 

The  full  details  of  estimate  will  be  found  on  sheets  Nos.  1-67,  inclualv*, 
attached  to  full  report,  dated  January  23,  1908. 

Very  respecttuUy  aubrnVll^d, 

[231] 
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LAND  VALUES  AT  THE  PORTAGE  RESERVOIR  SITE. 

(Our  estimate  of  cost  of  land  for  this  reservoir  is  so  mncli  larger  than  th^ 
estimate  by  Mr.  Rafter  given  in  the  State  Engineer  s  Report  of  1896  that  In  order 
to  Justify  the  reasonableness  of  these  later  estimates  it  has  appeared  best  to 
state  the  basis  in  some  detail.  The  investigation  was  made  by  Mr.  Geo.  G 
Shedd,  C.  B..  who  has  had  practical  experience  in  bonding  of  land  for  power 
development  elsewhere  and  his  report  is  as  follows.     J.  R.  F.) 

Mb.  John  R.   Freeman,   Oongultinff  Engineer,  Providence,  B.  J.: 

Dear  Sir. —  In  response  to  your  request  of  December  7,  1907,  to  make  as 
accurate  an  estimate  as  possible,  and  complete  field  work  by  I>ecember.  25th,  of 
the  value  of  all  buildings  within  the  limits  of  the  proposed  Genesee  river  storage 
reservoir  at  Portage,  I  beg  to  report  as  follows: 

Methods  Adopted  in  Estimating  Values. 

Before  starting  for  .Portage  a  schedule  of  values  per  cubic  feet  of  various  khids 
of  buildings  was  compiled  from  the  best  data  at  hand.  The  schedule  adopted  is 
as   follows : 

Data  for  Estimating  Approximate  Value  of  Buildings. 

Cents  per 

D  welling^ —  Frame.  cubic  foot. 

Cheapest    construction,    small 4 

Ordinary   construction   6-8 

Best    construction,    large. .' 8-12 

Dwellings,  brick 7-10 

Bams,   frame 1.6-3 

Ohurehee. 

Wood,  ordinary 6-7 

Brick S-IO 

Schoolhoueee, 

Wood,  ordinary 6-10 

Brick   S-IO 

BtoreM. 

Wood 6-7 

Brick 7-9 


These  values  are  for  new  buildings.  I>epreclatlon  is  ordinarily  estimated  on 
the  frame  buildings  from  2  to  3  per  cent,  per  annum,  and  on  brick  bulldhigs  from 
1  to  1%  per  cent,  per  annum. 

In  estimating  the  cubical  capacity  of  the  various  buildings  the  cellar  is  included, 
and  the  height  Is  taken  halfway  between  the  eaves  and  ridgepole,  so  as  to  get 
approximately  the  actual  cubical  capacity  of  the  building.  Realizing  that  the 
error  in  judgment  in  adopting  a  unit  value  for  the  various  buildings  was  liable 
to  overbalance  any  little  hiaccuracy  In  estimating  the  cubical  capacity,  approximate 
rapid  methods  were  used,  using  greater  care  with  the  larger  and  more  expensive 
buildings. 

Upon  arrival  at  PortagevUle  on  December  10th,  my  first  endeavor  was  to  check 
this  schedule.  I  soon  found  that  Mr.  Michael  Joyce,  the  proprietor  of  the 
Genesee  Falls  House,  one  of  the  few  monled  men  of  the  town,  had  a  large  personal 
knowledge  of  the  cost  and  recent  selling  prices  of  a  great  many  of  the  houses 
and  property  in  PortagevUle,  and  he  very  kindly  gave  me  a  large  amount  of  data 
by  which  I  was  enabled  to  check  this  schedule,  which  was  found  to  agree  very 
well  with  the  values  in  PortagevUle  when  using  a  rate^  of  depreciation  of  2  oer 
cent,  per  annum. 


STATB  WaTKB  SuPPLYOoMMIBSIOK, 


T  tiro  ugh  permtsiilaii  of  Mr.  Walter  MeCulIob,  c^mmiltiiiff  engineerp  Hr,  E,  H. 
Fref)tlc«,  11} e  r{!C0'tder  iiri  ttie  pv^ftj  of  aiffintf'rB  in  tbe  etQploj  of  the  Conu&lHtkn 
Jos^t  leaving  Portagi?,  was  d^^itatL^  to  aanlat  tne  In   OQ^ftjiurisf  btilidlmsiat  et^ 

A  «b^k  la  tl)e  vtUuat^oii  at  blUmQre  was  al&a  obUUDt<i  Qirou^li  Men&rs.  WArifA 
M.  dw«et  JiTid  liluyd  Coucl)  and  a  number  of  others  who  were  Alile  to  glirv  flw 
eiact  cost  values  of  different  bulldlnga. 

The  value  ^t  te&i  eat  ate  in  general  ts  QUite  a.  lUtJe  higher  ftt  Fllliiaofe  tiktfi 
■t  rortageTltle,  Wtscoy  or  llosaburg.  The  Belling  value  of  real  estate  In  Portags- 
ville  for  the  paat  ftiw  years  fieeoia  to  ha  Ye  been  eoEiatd^rablj  heiow  tlie  actiiai  tmln* 
of  such   huildin^gt  eisewher^^^  * 

In  the  couraif  oi  my  inve»Httgfttl«in  tbore  I  learned  of  several  eatatea  whicli  w«i 
sold  at  rates  far  below  whjtt  J  wrmld  etm*idt?r  a  fair  market  value.  For  lustanee^ 
one  of  the  best  hous*fs  In  I'ortaijuviHo*  which  must  have  coat  |2^£Q0,  waa  aeld, 
togeih<*r  with  all  lot*,  for  only  *StK},  While  thia  low  valuation  wotild  undOQbtr 
Wily  be  taki^n  into  accourtt  wh*^n  purchasing  property  for  rejscrveilr  piirpoae*  I 
did  tiot  contjider  It  w1^*  in  prt^parltig  m^  estimate  to  [il&ce  vmluea  verj  nw^ 
btUtw   what   they  would  ordinarily  »t4l   for   In  nortaal  conditions. 

In  order  to  furnish  a  check  upott  my  estimate  tJie  asseascd  T^aluallon  of  t 
large  numher  of  buildings  estimated  was  obtained.  WliJIe  1  believe  the  aaacswft 
are  supposed  to  aahcuM  proj^erty  for  Its  fair  ca»h  value  they  will  tell  yoti  tl^t 
they  placed  valuation  at  from  iM)  to  75  per  cent,  of  tht  fi^tuai  valn^.  My  ohs^* 
rations  would  iieem  to  place  the  aaseaaed  value  approximately  at  50  p«r  cent  of 
thjQ  fair  marlct't  value,  and  thla  waa  conUrmed  by  Mr.  W.  P^  Brooks,  the  presidoit 
«f  lh«)  Fillmore  State  Bank,  who  probahiy  la  aa  well  posted  upon  actual  values  of 
rc&l  estate  as  any  man  In  Fillmore,  The  a^eaaed  value,  white  u«eXal  aa  t 
gtllde,  doea  not  always  give  the  true  indication  of  the  actual  value^  oa  t  fooad 
a  number  of  apparent  discrepancies  between  the  aaseaaed  valuation  and  the  actoil 
valuation. 

It  was  the  intention  to  take  photographs  of  all  the  Important  batldlngi  eitl- 
mated,  but  owlug  to  ihe  weather  conditions  thU  was  found  to  be  prartleaUy 
Impoaalble.  The  aky  waa  clear  on  portlona  of  three  day«  only  In  all  the  dsi 
that  I  waa  out  there.  However,  wheuovcr  it  was  poBsUUe.  1  took  photofrapliSt 
ev^'n  if  the  light  was  not  of  the  best;  although  the  photographs  w^fU  not  be  u 
good  aa  might  be  desired,  they  will  give  some  indications  of  the  character  et 
the  building. 

About  half  the  buildings  In  FortagevUle,  and  nearly  all  In  Fillmore,  wcit 
pbotograptiedf  and  a  few  of  the  farmboui^a  between.  A  few  photogrraphs  wtn 
also  obtained  of  the   village  of  U  ought  on. 


ArDTtjnE  or  Restpn^xa  Toward  Co^tsTfiucrioN  of  Reskavoib, 

While  not  exactly  in  the  line  of  tbla  report.  It  may  be  of  Interest  to  note 
what  1  observed  of  the  attitude  of  the  owners  of  tho  property  tbronghottt  tht 
valley    toward    the   cona  tract  Ion    of  thla    reservoir. 

In  18i>8,  I  understand,  the  people  were  very  bitter  and  were  strongly  oppond 
to  this  project,  but  since  then  Severn  1  dloastroua  floods  have  occurred^  nota^Iir 
that  of  July  5,  1002,  which  ha*  mn terltiUy  changed  the  attitude  of  the  people 
That  flood  praetleally  deatroi'ifd  nil  the  crops  of  the  lowlands,  washed  oat  bri4f» 
and  roada  and  caui»i>?d  great  damage  In  all  the  towna  along  the  rl'rer,  Whlli 
con tl deuce  Is  returning  slowly,  at  the  eame  time  there  still  remains  a  ctnutBiit 
apprehension  of.  the  recurrence  of  this  flood,  so  that  most  of  the  people  would 
now  be  very  glad  of  the  opportunity  to  sell  their  places,  provided  m.  fair  prtflt 
was    ofTered. 

I  found  very  f*?w  people  who  really  objecti^d  to  the  building  of  thla  reaerrotr. 
One  of  th**m.  Mr.  W.  P.  Brooks,  was  lu  1806  one  of  the  principal  opponoi^ 
to  the  projeet  and  h<*adet1  a  delegation  that  went  to  Albany  In  oppoiftifle 
to  U.  His  principal  ohjecttou  now  seems  to  be  that  Fillmore  would  prabaTtv 
ow  tt9  preMlge  as  b  bnsine?*  ci^-nier,  and  that  the  iitate^  or  w hoover  c^n^st nicied 
the  reaervolr,  would  not  place  bigh  enough  value  upon  the  condemned  proper^ 
to    fully    compensate    the   o^Tn^rs* 

Nearly  all  the  tarmera  tYvTouiChoat  ttisi  ^6\\i!^  Tjovild  Itke  to  me^  the  iigtm^ir 
eon «tr acted,  but  a  number  ot  lUe  ^^aV  sA  TSm«wiTt  ^^s^i^  ^X'^ufi^  ^dlpcc 

to  it  on  account  of  probable  low  ol  V 
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Valui  of  Land. 

The  value  of  the  land  to  be  taken  was  also  ontside  the  limits  of  my  Investiga- 
tion, but  I  win  record  a  few  facts  noted.  Village  lots  In  PortagevUle  of  one- 
fourth  acre  or  less  in  size  are  commonly  sold  for  about  |100  per  lot,  although 
I  learned  in  one  instance  where  a  small  lot  was  sold  recently  at  a  rate  of  about 
91,200  per  acre.  This  Is  an  exception  though  and  should  not  be  taken  as  a 
piide  to  the  ordinary  value. 

The  best  farm  land,  that  is,  good,  rich,  tillage  land,  situated  at  a  level  of  ten 
to  twenty  feet  above  the  ordinary  low  water,  or,  in  other  words,  high  enough 
•o  that  the  ordinary  floods  do  not  reach  It,  is  sold  at  a  rate  of  from  |75  to 
f  100  per  acre. 

Other  farm  land  ranges  from  that  price  down  to  about  |30  per  acre,  this  for 
the  poorest  side  hill   land. 

In  the  village  of  Fillmore  small  lots  on  the  main  street  in  the  center  of  the 
Tillage  would  sell  for  perhaps  a  rate  of  |2,400  per  acre;  on  the  side  residential 
streets  for  about  1 1,200  per  acre. 

One  farm  directly  across  the  river  from  Fillmore,  was  bought  at  a  rate  of 
$117  per  acre.  This  is  the  highest  price  of  any  farm  land  in  the  valley  that  I 
was  able  to  learn  of. 

The  best  farm  land  away  from  the  village  sells  for  about  |100  per  acre;  good 
farm  land  for  about  $75  per  acre  and   ranging  from  that  down  to  about  |30. 

The  details  of  my  estimate  giving  the  owner,  character  of  building^  approxi- 
mate, cubical  capacity  of  each  building,  unit  value  placed  upon  It,  estimated 
Talue,  assessed  value,  photograph  number  and  any  other  facts  noted  are  shown 
on  the  flfty-flve  detailed  sheets  accompanying. 

A  summary  of  all  the  buildings  in  each  town  is  shown  separately  on  sheets 
Nos.  56  to  66  inclusive,  and  a  summary  of  all  the  towns  is  also  shown  on 
sheet  No.  67.  , 

It  will  be  noticed  that  the  total  number  of  all  buildings  estimated  In  all  five 
towns  is  1,096,  with  an  estimated  present  market  value  of  |515,626.  Allowing 
an  advance  of  50  per  cent,  due  to  condemnation  proceedings  and  other  legal 
expenses,  the  total  estimated  amount  required  to  purchase  for  reservoir  purposes 
is  1773,489.  This  includes  all  buildings  which  it  was  thought  It  would  be  neces- 
sary to  purchase. 

In  a  number  of  Instances  the  buildings  are  situated  from  ten  to  twenty  feet 
above  the  flow  line,  but  the  greater  part  of  the  land  connected  with  them  was 
situated  below  the  flow  line.  Where  the  buildings  were  between  ten  to  twenty 
feet  above  the  flow  line  and  the  greater  part  of  the  land  above  that,  it  was  not 
thought  necessary   to  estimate  them. 

The  main  portion  of  the  village  of  Houghton  in  the  town  on  Caneadea  is 
Included  to  be  on  the  safe  side,  but  it  Is  quite  likely  that  this  vlllfige  will  not 
be  disturbed,  as  it  Is  between  ten  and  fifteen  feet  above  the  maximum  flow  line. 

There  are  fifty-seven  buildings  with  a  total  estimated  value  of  $72,900  Included 
in  the  village  of  Houghton,  which  will  probably  not  be  required.  A  few  buildings 
also  in  the  villages  of  Wiscoy  and  Fillmore  were  estimated,  which  It  may  not  be 
necessary  to  disturb.  On  the  other  hand,  It  may  be  necessary  to  acquire  these 
on   the  ground  of  the  removal  of  all  their  interests. 

The  estimated  values  given  in  tables  are  for  buildings  alone  and  not  for  busi- 
ness, although  side  notes  upon  value  of  the  business  wherever  It  was  obtained, 
are  given   on   the  detailed   sheets. 

In  grouping  the  various  kinds  of  buildings  in  the  summary,  the  item  "  minor 
buildings  connected  *'  Is  principally  bams,  granaries,  sheds  and  other  small 
buildings.  The  item  of  *'  other  buildings  '*  is  principally  made  up  of  small  shops, 
quarry  sheds,  cheese  factories,   saw  mills,  hotels,  etc. 

There  are  no  large  manufacturing  concerns  in  the  valley,  the  largest  being  the 
new  plant  of  the  L.  C.  Roberta  Mfg.  Co.  at  Fillmore,  where  they  are  Just  starting 
In  to  manufacture  concrete  machinery. 

In  1896,   State  Engineer  and  Surveyor's  Report,  page  691,  Mr.  Geo.  W.  Rafter 
estimates  the  total   land   damages,   which   apparently   includes   all   the  land,   esti- 
mated  at   8,300   acres,   and   buildings   to   be   acquired,   at   only   $650^000^  yilsAx«%3^ 
my  estimate  of  buildings  alone  is  $773,439,  which  would  m«)LC>  m^  ^i^XtiaX.^^  ^^XKt 
Talae  ot  land  ia  adde^,  more  than   100  per  cent.  \n  exeeaa  ot  \A%.    '^«s«t\Xi^««^% 
/  am  convinced  tb&t  my  estimate  is  conservative,  excesaVv^  am  IXift^fe  ^«««^%  ^asj\^> 
meem  to  indieaU.  RespectluW^   w[v\iiiAl\«A,  _^^ 
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One  bedbII  lot  In  f^Lllsge  recently  boufrbl  at  rate  of  %l%200. 
Total    asBesHcd    value  of    Heal    E! state   la    Geneiee    FaUa«    1907,   $3S3,977. 
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Town  of  Hume,  including  Villages  of  Vosahurg,  Wiscoy  and  Fillmore, 

Total   number  of   dwellings 207 

Total   number   minor   buildings   connected 428 

Total   number   churches 8 

Total   number  schoolbouses    6 

Total  number  stores    28 

Total   number   other   buildings 42 

Total    number   all    buildings 704 

Estimated   present   market   value 1887^48 

Extra  cost  due  to  condemnation  proceedings  and  other  legal  expenses, 

say,   50  per   cent 168,828 

Total $605,889 


Note. — ^Land  in  Village  of  Fillmore  sells  in  small  lots  on  Main  St.,  at  rate  of 

$2,400  per  acre. 
Land  in  Village  of  Fillmore  sells  in  small  lots  on  side  streets  at  rate 

of  $1,200  per  acre. 
Best  farm  land  near  village  sells  for  $117  per  acre. 
Best  farm  land  away  from  village  sells  for  $100  per  acre. 
Ordinary  good  farm  land  away  from  village  sells  for  $75  per  acre. 
Cheapest  farm  land  away  from  village  sells  for  $80  per  acre. 


Toum  of  Changer, 

Total  number  dwellings    18 

Total   number   minor   buildings   connected 65 

Total   number   churches 0 

Total   number  schoolbouses    0 

Total  number  stores    0 

Total   number  other  buildings 1 

Total   number  all   buildings 60 

Estimated  present   market  value $11,478 

Extra  cost  due  to  condemnation  proceedings  and  other  legal  expenses, 

say,   50  per  cent.. 5,787 

Total $17,220 


Toum  of  Portage. 

Total   number  of   dwellings 17 

Total  number   minor   buildings   connected 47 

Total  number   churches    0 

Total  number  schoolbouses    1 

Total  number  stores   0 

Total  number  of  other  buildings 0 

Total   number   all    buildings 66 

Estimated  present  market  value $16,410 

Extra  cost  due  to  condemnation  proceedings  and  other  legal  expenses, 

■ay,  60  p«r  eeot 8,200 

TMaI Vl.<^.^KS3^ 
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IrAw   DiBECTiNO  THE   State  Wateb   Supply   Commission  to 
Make  Studies  for  Water  Power  Development. 


CHAP.  569,  LAWS  OF  1907. 
AN  ACT  authorizing  and  directing  the  state  water  supply  com- 
mission to  devise  plans  for  the  progressive  development  of  the 
water  powers  of  the  state  for  the  public  use,  under  state  owner- 
ship and  control,  and  making  an  appropriation  therefor. 

Became  a  law,  July  12,  1907,  ^ith  the  approval  of  the  Gk>vemor.    Passed, 
three-fifths  being  present. 

The  People  of  the  State  of  New  York,  represented  in  Senate 

and  Assembly,  do  enact  as  follows: 

* 

Section  1.  After  the  passage  of  this  act,  the  state  water  supply 
commission*  is^  authorized  and  directed  to  devise  plans  for  the 
progressive  development  of  the  water  powers  of  the  state  under 
state  owTiership,  control  and  maintenance  for  the  public  use  and 
benefit  and  for  the  increase  of  the  public  revenue. 

§  2.  The  commission  shall  proceed  at  once  to  collect  informa- 
tion relating  to  the  water  powers  of  the  state  and  shall  devise 
plans  for  the  development  of  such  wat^^r  powers,  as  it  deems  avail- 
able and  may  devise  plans  for  the  development  of  such  other  water 
powers  as  shall  be  brought  to  its  attention  by  the  mayor  of  any 
city,  the  president  of  any  village,  a  supervisor  of  any  town  or  the 
chairman  of  the  board  of  supervisors  of  any  county,  by  a  petition 
verified  and  filed  with  it,  praying  for  the  development  of  such 
water  powers.  Each  such  petition  shall  show  and  set  forth  the 
public  purposes  to  be  served  by  the  development  therein  proposed, 
and  the  commission  may  subpoena  the  petitioner  or  petitioners 
and  such  other  persons  as  may  be  deemed  d^\T?}cA^  \/c>  «:9^^'ax\5fc- 
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iom  it  and  to  testify  uader  oath^  which  oath  may  be  admiaistered 
bj  anT'mtml>er  of  tht*  cornmisaiotij  a^^  to  th<?  statements  mad^  m 
the  petitioti  and  ai  to  other  matters  relating  ta  the  subject  thereol 

§  S.  The  csoinmiesion  shall  present  a  report  to  the  governor  and 
the  If^wlaturt:  uii  or  before  the  first  day  of  l*'ebniaryj  in  the  year 
nineteen  hundred  and  eight,  showing  the  progress  made  in  its 
in\*>tiganoii,  and  shall,  if  prac*ti(*able,  complete  its  investigaiirjns 
tn  i^mh  exttnt  m  will  enable  it  to  deviie  a  comprehend] i-e  and 

L  i  CTflj  ylfixi  for  tbi'  general  developmrnt  of  the  water  pow^i^ 
al  tht  btaie,  and  ^ball,  if  practicable,  make  the  final  report  ot 
such  plan  to  tbe  goverrior  on  the  first  day  of  February,  in  tht'  year 
tiincti'en  hundred  and  nine.  The  governor  shall,  if  practicable, 
ftuhniit  tb*'  said  fintil  rt^port  with  his  own  recomiiiendatioiWj  if 
any,  relating  then  to,  to  tlje  kgi^^lature  on  or  before  the  twentieth 
day  of  JIarcb,  nineteen  hundred  and  nine.  In  addition  to  the 
ntn liber  providi  d  hv  low,  tw£»  thousand  copies  of  tbe  reports  of 
tbe  eonimis^ftiii  find  rlie  rf^eonuTH  iidftti<nif^  of  the  governor  shall  be 
prinjed. 

§  4*  If  any  plan  devised  by  the  commission  shall  include  tie 
con.sTj'uetion  of  a  dam  or  dams  upon  any  river  or  water  oourse^ 
the  commission  shall  asecilain  and  report  as  nearly  as  practicable, 
the  water  storage  capacity  in  cubic  feet  of  the  reservoir  create 
by  each  such  proposed  dam,  the  recorded  rain  fall  on  the  water- 
shed above  such  proposed  dam,  and  the  maximum,  minimum  ami 
average  flow  of  water,  per  second,  in  cubic  feet  during  each 
month  in  the  year  at  the  point  where  it  is  proposed  to  locate  aucb 
dam.  They  shallj  as  nearly  as  practicable,  estimate  the  water 
horse  power  which  would  be  developed  at  such  proposed  dam,  the 
probnbility  of  selling  such  water  power,  and  the  probable  gros? 
and  net  revenues  from  both  direct  and  indirect  sources  whicb 
would  be  derived  from  the  sale  of  such  power  at  such  prapased 
darn*  It  shall  also  state  tbe  relation  of  such  ^ross  and  upt 
revenues  to  the  total  cost  of  the  construction,  annual  n^aint^^an^e 
and  depreciation,  including  the  cost  of  necessary  lands  and  ripn- 
rian  rights,  and  cost  of  acfjuiriug  them,  and  after  deducting  th*? 
annual  cost  of  maintenance  and  depreciation,  the  net  revenues 
iriieh  would  be  annually  deviv^d  therefrom^  and  the  length  of 
time  in  which  suck  net  re^eiiAi^^  'wo^i.  ^vj  ^^  *^fe  ^^^^^  ^^s^  <i 
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construction  lands  and  riparian  rights  with  the  interest  thereon. 
The  commission  may  include  such  other  matters  as  it  shall  deem 
proper,  in  its  report  to  the  legislature. 

§  5.  The  reports  of  the  commission  shall  specifically  designate 
and  recommend  what  work  in  their  opinion,  should  be  first  under- 
taken and  what  work  should  be  thereafter  undertaken  in  the  order 
of  the  importance  thereof  to  the  state. 

§  6.  In  order  to  determine  the  probable  gross  revenues,  the 
rate  of  charge  for  the  use  of  the  water  horse  power  under  con- 
tract for  sale  shall  be  based  upon  the  aggregate  cost  of  the  de- 
velopment, including  the  land  and  riparian  rights  of  the  single 
project,  the  cost  of  '  its  superintendence,  maintenance  and 
depreciation,  and  the  aggregate  water  horse  power  available  from 
that  single  project,  and  such  rate  of  charge  shall  'be  so  adjusted 
that  it  will  produce  a  net  revenue  sufficient  to  pay,  in  addition 
to  all  costs  of  superintendence,  maintenance  and  depreciation,  the 
interest  upon  the  bonds  as  the  same  shall  become  due  and  the 
principal  of  said  bonds  at  their  maturity. 

§  7.  Surveys,  plans,  maps,  calculations  and  estimates  of  cost 
may  be  made  to  determine  the  feasibility  of  any  specific  project 
for  water-power  development. 

§  8.  AIL  final  surveys,  plans,  maps,  calculations  and  estimates 
made  pursuant  to  the  provisions  of  this  act  shall  be  made  with 
the  same  accuracy  that  would  be  requisite  if  the  work  and  project 
so  surveyed  had  been  ordered  to  be  done,  and  all  surveys,  plans, 
maps,  calculations  and  estimates  relating  thereto  shall  be  pre- 
served for  record  and  reference. 

§  9.  The  commission  in  its  reports  shall  treat  the  general  plan  . 
it  shall  devise  and  recommend  for  the  development  of  the  water 
power  of  the  state  as  one  state  project  and  shall  treat  the  specific 
and  separate  schemes  of  development  as  parts  of  the  whole  in 
order  that  the  legislature  and  the  people  may  have  before  them  at 
f)nce  the  most  complete  and  comprehensive  statement  of  the  possi- 
bilities of  tlie  water  power  of  the  state  and  detailed  as  well  as  the 
aggregate  cost  of  the  development  in  such  general  plan  proposed 
to  be  made. 

§  10.  The  commission  in  its  final  report  shall  «1^q  ym^oA^^^ 
draft  of  a  bill  for  a  general  law  proviAmg  lox  e«cn:ya^^^*'  ^ 
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meiiduiious  into  efft-ct.  It  shall  give  such  particular  and  detailed 
deecription  of  the  several  separate  and  specific  scbemes  of  develop-  i 
ixient  which  are  parts  of  the  whole  as  may  be  neoessary  to  desig- 
nate cJearlj  the  ^v"ork  to  be  done,  and  such  particulars  as  to  each 
project  shall  be  t^tated  sejiarately*  Such  hill  shall  include  a  finan* 
eial  plan  providing  for  the  la^ue  of  the  bonds  of  the  state  in  such 
amountB  as  maj  be  required  for  paying  the  cost  of  the  water 
power  development  to  be  made,  how  and  when  the  bonds  shall  be 
issued  and  sold,  the  term  for  which  they  are  to  run,  the  rate  of 
interest  •thereon^  the  annual  tax  to  pay  and  siifBcient  to  pay  the 
interest  thereon  when  due  and  the  principal  thereof  when  the 
same  shall  mature.  The  bill  shall  provide  for  the  creation  of  a 
sinking  fund  into  which  the  moneys  received  from  the  tax  by  such 
bill  levied  shall  be  paid,  and  into  which  the  net  revenues  received 
from  the  sale  of  water  power  shall  be  paid,  until  the  moneys  in 
snch  sinking  fund  shall  be  suflScient  to  fully  provide  for  the  pay- 
ment of  the  principal  of  all  snch  bonds  and  the  full  interest  i 
thereon  to  the  date  of  their  maturity,  and  the  tax  shall  then  be 
discontinued  under  the  provisions  of  article  seven,  section  eleven, 
of  the  constitution.  The  bill  shall  provide  fol:  a  separate  issue  of 
the  bonds  of  the  state  for  each  separate  scheme  of  development 
and  for  the  submission  of  the  bill  to  a  vote  of  the  people  for  their 
approval  at  a  general  election  as  provided  in  article  seven,  section 
four,  of  the  constitution  for  the  creation  of  a  debt. 

§  11.  The  commission  shall  have  power  to  appoint  such  en- 
gineers, assistant  engineers  and  experts,  fitted  by  experience,  to 
advise  the  commission  and  to  conduct  under  its  direction  the 
surveys,  and  the  preparation  of  plans,  maps,  calculations  and  esti- 
mates as  may  be  necessary  within  any  appropriation  which  may 
be  available  therefor. 

§  12.  The  general  plan  which  shall  be  devised  by  the  commis- 
sion under  the  provisions  of  this  act,  shall  not  include  any  of  the 
streams  and  water  courses  which  supply  the  canals  of  the  stati^ 
excepting  such  streams  and  water  courses  as  the  stlate  engineer 
nnd  surveyor  and  the  canal  board,  shall  state  in  writing,  will  not, 
if  used  as  above  provided,  substantially  diminish  the  water  supply 
of  such  canals  or  the  navigability  thereof,  and  provided  that  such 
plan  shall  not  include  any  de^eVo^TdetiX.  oi  ^^^t  ^^^  Nffc^i. 
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would  effect  a  diversion  from  any  of  the  navigable  waters  of  this 
state  in  sufficient  quantity  to  interfere  with  the  navigation  of 
such  rivers  or  water  courses. 

§  13.  The  sum  of  thirty-five  thousand  dollars  ($35,000),  or  so 
much  thereof  as  may  be  necessary,  is  hereby  appropriated  out  of 
any  funds  in  the  treasury  of  the  state,  not  otherwise  appropriated, 
to  carry  out  the  provisions  of  this  act,  and  the  said  moneys  shall 
be  paid  by  the  treasurer  on  the  warrant  of  the  comptroller  to  the 
order  of  the  state  water  supply  commission  when  certified  by  that 
commission  to  be  needed  from  time  to  time  in  carrying  out  the 
provisions  of  this  act. 

§  14.  This  act  shall  take  effect  immediately. 
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APPENDIX  E. 

Classifikd  Statsmest  of  KxpsNBiTUJtfis  rxDES  Chaptke  569y 
Laws  of  1907,  to  Mjlbch  1,  1908- 

Apprapriaiian. 
July  12, 1907,  by  chapter  569,  Laws  of  1907 $35,0OC  00 

Disbursements. 

Compensation  of  Consulting  Engineer.  $7,500  00 

Salaries  of  engineering  force 13,508  53 

Maintenance  expenses  of  engineering 

force 2,828  90 

Traveling    and    sundry    expenses    of 

Commissioners 440  46 

Traveling    and    sundry    expenses    of 

Engineers 1,170  79 

Digest  of  water  laws 200. 00 

Livery 1,137  33 

Engineering  supplies 490  19 

Maps,  blue  prints  and  photographs.  . .  173  46 

Bental  and  purchase  of  instruments. .  461  38 

Test  borings 1,663  20 

Stream  gaging,    in   co-operation    with 

U.  S.  G.  S 1,754  86 

Rain  gaging 428  93 

Printing  and  stationery 92  00 

Telegraph  and  telephone 99  65 

31,949  68 

Balance,  March  1,  1908 $3,050  32 
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